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A Laboratory Method for Evaluating Feeding 
Preference of Fruitflies' 


Raven H. Martowe, U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Whether or not fruitflies like to feed on 
a spray containing a stomach poison has a 
great influence on the success of spray ap- 
plications in the field. The competition 
from natural foods is quite great and it is 
only normal to assume that fruitflies will 
feed on those substances which are most 
palatable. The addition of a chemical poi- 
son to a palatable carrier may cause the 
resultant poison spray to become distaste- 
ful to the flies. Thus any information ob- 
tained on the factor of feeding preference 
should be of value in determining the 
effectiveness of a poison spray. This paper 
presents a laboratory method for evaluat- 
ing feeding preference of fruitflies, and 
some data derived from the application of 
the technique. 

Trecunique.—A white card was marked 
off in one hundred (10 by 10) half-inch 
squares and dipped in hot paraffin. In the 
center of each alternating square (s) was 
placed 0.01 cc. of the standard spray. On 
the center of each remaining square (1) 
was placed a like amount of the spray 
which was to be tested or compared with 
the standard. The card was placed in a 
cage (10 by 10 by 10 inches) containing 
150 to 200 fruitflies. Counts of the num- 
ber of squares (N) from which all the 
spray had been consumed were made at 
definite intervals. The factors of environ- 
ment, population, hunger and age of 
flies are constant for both sprays. 

ANALYSIS OF THE DATA.—The prefer- 
ence (P) that the flies show for the un- 
known spray (wu) as compared with the 
standard (s) is demonstrated by the actual 
counts of squares cleaned of the two 
sprays in unit time. So, if preference is 
considered as the ratio of the amount of 


1 Ceratitis capitata (Wied.) and Dacus cucurbitae 
Coq. 


unknown spray (uv) consumed to the total 
amount of spray consumed (u+s) in a 
given time, then, 


p’=——_—-X 100. 
Nut, 


At the beginning of the test there are 
available 50 droplets (0.01 cc. each) of 
each spray, and the chance of selection 
(C) because of spray frequency is 50-50, 
or even. However, after the first count of 
squares cleaned, there are usually more 
squares available of one spray than of the 
other. 

The chance of flies eating more of one 
spray than of the other because of the 
amount available was equalized by deter- 
mining from a proportion the number of 
squares of the unknown spray that would 
be cleaned if the number available were 
equal to the number of squares of the 
standard spray. Thus: 


'N. X _ NL. 
a—* Sixecen 
GC. Gs Ce 


N,, 
‘and p’=— : < 100.’ 
N 4 -C,+N 8 Ce 

As there is more than one recording of 
the data, the mean coefficient of prefer- 
ence was obtained. Thus: 


(o/+p't+p". by 
pete te +P) gp 
N 


The mean or value for (P) signifies that 
of the total amount of the two sprays con- 
sumed by the fly population, the mean 
was the value for the unknown spray and 
100—(P) was the value for the standard 
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Table 1.—Preference by fruitflies for some sweet substances as compared with a 5 per cent solution 


of Hawaiian cane molasses. 








Fy TIME COEFFICIENT Ratio or PREFERENCE 
SWEET AGE Since Last or PREFERENCE 
SUBSTANCE! (Days FEEDING P+S. E. Lower Limit Upper Limit 
Invert sugar syrup 8 5 Hrs 92.1+1.78 6.55 $8.21 
Invert sugar syrup 7 6 Hrs. 86.3+5.60 2.28 Undetermined 
= Levulose 11 1 Hr. 98.5+1.38 16.73 Undetermined 
~ Sample # 6 1 Hr. 99.5+0.42 55.82 Undetermined 
- Sample 4 6 1 Hr 98.7+0.55 32.90 Undetermined 
=> White corn syrup 6 1 Hr 93.0+ 4.08 4.20 Undetermined 
Dextrose 2-5 0 100.0+0 Undetermined Undetermined 
Sucrose 7 1 Hr 98.0+1.11 17.76 Undetermined 
2 . Invert sugar syrup 5 12 Hrs 68.9+4.54 1.24 4.72 
eal Invert sugar syrup 6 +t Hrs 79.5+2.64 2.52 6.95 
eS Sample # 3 1 Hr 95.4+2.19 7.95 Undetermined 
= White corn syrup 3 1 Hr 70.6+5.46 1.18 6.68 
Z« Dextrose 2-5 0 98.1+1.08 18.46 Undetermined 
= = Sucrose 7 0 99.8+0.24 107.70 ~ Undetermined 
: 
A dilution of 4 per cent by weight of levulose, dextrose and sucrose was considered to be approximately equivalent to a 5 per cent 


by volume of invert sugar syrup, Sample 4 


? Sample 4, a syrup (80° Brix 


spray. Thus 


or the Hawaiian « 
in which about 60 per cent of the sugar was inverted 


P/100—P) would give a 


value representing the number of times 
that the unknown spray was preferred to 


the standard. 


The 


above 


however, 


molasses solution 


ard error from the mean preference would 
indicate that the mean preference from 
similar experiments would be in this range 
over 99 per cent of the times, the ratios 








interpretation, ao oe — 

iene 500 YSN P—38. E. P+38.E 
does not take into consideration a range and 
of preference. Since +3 times the stand- 100—P)+3 S. E. 100 — P .s. I 

Table 2.—Preference by fruitflies for various insecticide spray mixtures. 
M ELONFLY M eprrerranean Fr y 
lime Rat f lime R 
since Coefficient Preferen Since Coeffici Pre 
Fly Last of Fly Last of 
Age Feed Preference Lower L pp. Age Feed Preference Law L pp 
SPRAYS Days ing P+s.t Limit Limit Days ing P+s.t | Lin 

Haw. cane 
molasses spray + 
Spray containing 
PbHAsO, (u 24 «60 $6.5+9.38 0.22 " 24 Hrs. 31.1 0 1.1 
Invert sugar syrup 
spray s 
Spray containing 
PbHAsOQ, (u 2-4 SHrs. 43.9+3.26 0.52 1.16 24 «(0 3.4 ol 0.40 1.41 

2-4 1Hr. 63.4+3.42 1.13 2.80 5 $ Hrs. 22.4+4.49 0.10 0. 5 
Haw. cane molasses 
spray containing 
PbHAs) (s 
Invert sugar syrup 
spray containing 
PbHAsO, (u 24 2@Hrs. 95 2 5.82 Undetermined 24 «60 98.3+1.10 19.00 | ‘ 

24 6Hrs. 87.6+6.61 10 Undetermined 5 0 00 7+0.30 sy I ¢ ed 

2-4 0 os 8+ 0.62 11.68 I le ‘ 
Invert sugar syrup 
spray (s 
Spray containing 
tartar emetic (u 10 0 45.6+ 8.30 0. 2¢ ? 30 10 0 +s aL ). Se ++ 
Invert sugar syrup 
spray containing 
PbHAsO, (s 
Invert sugar syrup 
spray containing 
tartar emetic (u 2-5 1Hr. 64.5+5.5 0.92 $.29 2-5 0 $6.7+ 6.61 6 1.99 
1 All of the sprays contained 5 per cent by volume of the sweet substance Those sprays containing inse cle the 


formula of 4 pounds to 100 gallons spray 
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Table 3.—The effect of the addition of granulated sugar to a molasses spray on feeding preference 


by the melonfly. 





PoUNDS Fy TIME SINCE COEFFICIENT Ratio or PREFERENCE 
SUGAR IN AGE LAST or PREFERENCE 
100 GALs. (Days FEEDING Pts. E. Lower Limit Upper Limit 
1.0 19 0 $9.58+5.35 0.50 1.97 
1.0 24 0 68.05 + 4.40 1.21 4.33 
1.0 11 0 56.20 + 4.50 0.75 2.30 
Total 59.02+3.04 1.00 2.14 
5.0 21 1 Hr 96.76+1.15 13.95 Undetermined 
5.0 21 6 Hrs 72.88+ 6.08 1.20 10.26 
5.0 21 1 Hr 91.00+1.44 6.51 20.37 
5.0 21 1 Hr 77.85+4.14 1.89 9.28 
Total 86.35+1.12 +. 88 8.72 
8.5 9 1 Hr 88.33 +2.27 +. 41 19.58 
8.5 9 1 Hr 83.91+3.15 2.92 14.06 
8.5 9 1 Hr 90.37 +2.58 4.76 51.91 
8.5 20 +t Hrs 83.42 $.59 2.59 $8 59 
Total 86.15 +1.88 $.13 11.18 
10.0 24 2 Hrs 98.18+0.87 21.57 Undetermined 
10.0 24 1 Hr 86.14+4.04 2.85 56.47 
10.0 24 1 Hr 95.53 +1.97 8.63 Undetermined 
10.0 19 8 Hrs 96.97 +0.99 15.67 1665.67 
10.0 19 1 Hr 94.61+1.71 8.51 383 . 62 
Total 94.79+1.01 11.14 $4.80 
12.5 23 1 Hr 95.65+1.35 10.90 $32.33 
12.5 23 1 Hr 98.67 + 0.56 32.22 Undetermined 
12.5 23 1 Hr 97 .51+0.97 17.52 l ndetermined 
12.5 28 1 Hr 98.19+0.90 21.17 Undetermined 
12.5 28 16 Hrs 93 .37+3.00 5.40 Undetermined 
Total 96.30+1.02 13.79 155.25 
15.0 17 1 Hr 94.94+1.90 9.35 Undetermined 
15.0 17 1 He 98.99 +0.52 37. 91 Undetermined 
15.0 17 1 Hr 96.75+1.40 12.42 Undetermined 
Total 96.68+ 0.70 17.45 80. 97 
20.0 22 1 Hr 95.84+1.49 10.59 Undetermined 
20.0 ed 1 Hr 97 .30+0.86 17.94 832.38 
20.0 Poe 1 Hy 89.62+2.738 $.39 +4. 66 
Total 94.40+ 1.20 9.87 19.00 
25.0 26 0 97 .50+1.05 16.70 Undetermined 
25.0 26 rT 6.97 +2.04 9.93 Undetermined 
25.0 27 0 99.55+0.44 55.50 l ndetermined 
25.0 Q7 0 100.00 + 0.00 l ndetermined ( ndetermined 
Total 98 .54+0.59 29.96 Undetermined 





were computed. When the values from 
test 1, table 1, were substituted in these 
formulas, the range of the ratios of prefer 
ence was 6.55 to 38.21. Melonflies prefer 
the invert sugar syrup solution 6.55 to 
38.21 the 
Hawatian cane molasses solution. 
Discussion oF Data.— Both species of 
fruitflies, the Mediterranean fruitfly, Cer- 
atitis capitata (Wied.), and the melonfly, 
Dacus cucurbitae Coq.), preferred invert 
sugar syrup, levulose, white corn syrup, 
to solution of 


times as much as they do 


dextrose, and = sucrose a 


Hawaiian cane molasses. In most of the 
studies (Table 1) only one test was made; 
however, the degree of preference by both 
species of flies was so marked that the re- 
sults may be considered significant. 

The addition of acid lead arsenate to an 
invert sugar syrup or a molasses spray did 
not cause either spray to be less preferred 

Table 2). Marked preference was shown 
for lead arsenate in an invert sugar syrup 
spray when compared with the same in- 
secticide in a molasses spray. Such prefer- 
ence falls in line with previous observa- 
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tions when the two sprays, without the 
insecticide, were compared. An invert 
sugar syrup spray containing tartar eme- 
tic was as attractive to either species of 
fly as the spray without the poison. There 
was no preference shown when lead arse- 
nate was compared with tartar emetic. 

As fruitflies prefer a solution of sucrose 
to a 5 per cent solution of Hawaiian cane 
molasses, tests were completed on the 
preference of melonflies for a molasses 
spray containing granulated sugar as com- 
pared with one without the sugar (Table 
3). The sugar concentrations were 1, 5, 
8.5, 10, 12.5, 15, 20 and 25 pounds per 100 
gallons of a 5 per cent molasses solution. 
As the concentration was increased from 
1 to 12.5 pounds, there was a correspond- 
ing increase in preference. From 12.5 to 25 
pounds the increase of preference shown 
was not in proportion to the increase in 
concentration. A molasses spray has good 
adhesive powers and the addition of gran- 
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ulated sugar increases the palatability of 
the spray. 

Conclusion ——A laboratory technique 
for evaluating feeding preference of fruit- 
flies and a method of analyzing the data 
statistically are described. 

Both the Mediterranean fruitfly and 
the melonfly prefer invert sugar syrup, 
white corn syrup, levulose, dextrose and 
sucrose to a solution of Hawaiian cane 
molasses. The addition of acid lead arse- 
nate or tartar emetic to the molasses spray 
did not affect feeding. The two insecti- 
cides were comparable in respect to feed- 
ing preference. 

Melonflies preferred a 5 per cent cane 
molasses solution containing sucrose to 
the same spray without the sugar. An in- 
crease in the sucrose concentration from 1 
to 12.5 pounds caused a corresponding in- 
crease in feeding preference. From 12.5 to 
25 pounds there was very little increase in 


preference. 6-16-42. 


Infestation of Mature Green Papayas by the 
Mediterranean Fruitfly 


Cuester B. Keck, UU. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


The ripe fruit of the papaya is an excel- 
lent host of the Mediterranean fruitfly, 
Ceratitis capitata (Wied.). The rind of the 
ripe fruit is easily punctured by the ovi- 
positor of the female and the pulp is an 
ideal food for the larvae. In order to ob- 
tain data on the number of larvae that 
might develop in ripe fruits, three pa- 
payas weighing 1.5, 1.5, and 2 pounds 
were exposed for 24 hours in a cage with 
approximately 300 Mediterranean fruit- 
flies. From these fruits 861, 304, and 652 
puparia were reared. Immature papayas 
are seldom infested, but as the fruits ap- 
proach maturity they become susceptible 
to attack. Growers commonly make the 
statement that unripe papayas are never 
infested and that the shipment of mature 
green papayas to the mainland from 
Hawaii would not result in the Mediter- 
ranean fruitfly being introduced there. 

PLAN FoR ExpertimMents.—To deter- 
mine the degree of infestation in papayas 
that are mature but unripe, two methods 


! The commercial practice in Hawaii is to harvest the papaya 
when mature but green and to allow the fruits to ripen a day ot 
two before placing them on the dealers’ stands. 


of approach were tried. The first method 
was to collect samples of fruits soon after 
they were brought into the market! and 
to hold them over sand in tight boxes for 
several days in a screen insectary and then 
sift the sand for puparia of the Mediter- 
ranean fruitfly. The second method was to 
attempt to measure the infestation in a 
well-kept papaya grove, from the begin- 
ing of the fruiting period until the trees 
were pulled out, by collecting samples of 
fruits at weekly intervals and holding 
them over sand in tight boxes for emerg- 
ing larvae. All samples were kept in a 
screened insectary. 

OvuTLINe oF Fietp Exeeriment. The 
grove chosen for field tests was one be- 
longing to N. Nishikawa in what is known 
as the Kailua district on the north or 
windward side of the island of Oahu. 
This grove consisted of about 3 acres and 
was well kept. At no time were weeds or 
grass allowed to develop, and no ripe 
papaya fruits were allowed to remain on 
the trees or in the grove. For sampling the 
fly population, four glass traps (Fig. 1) 
were placed in the grove at various points. 
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A calcium caseinate lure was used at first, 
but later a sodium caseinate lure was used, 
since with this material the traps could 
be kept clean more easily. Counts were 
made of the trap catch each week from 
the time the first fruits began to ripen 
until the grove was pulled up. 

At first fruit samples were gathered at 
about the stage in which they would be 
picked for shipping, but later they were 
classified in an attempt to have them cor- 
respond to the three grades decided upon 
by the Hawaii Agricultural Experiment 
Station (1939), namely, mature green, 
firm ripe, and ripe. The grades used in 
checking field infestation were 
green, green ripe, and firm ripe, and they 
corresponded with the Experiment Sta- 


tion grades in the following way: The 


mature-green was the same, but the Ex- 
periment Station grade of firm ripe in- 
cluded both the green-ripe and firm-ripe 
grades used by the writer. The ripe grade 
was not collected, since fruits in this grade 
are infested in the field and are not al- 
lowed to remain on the trees. 





Fic. 1.—Nishikawa papaya grove, showing trap ad 
justed to tree. (Traps were usually kept nearer the 
foliage.) Photograph by R. H. Marlowe 


The grade of mature green included 
fruits which were mature and which had 
turned slightly from a deep green to a 
lighter green. The yellow, which made the 
fruit a lighter green, was general through- 
out the rind of the fruit, and there were 
no yellow streaks. If picked at this stage, 
some of the fruits would not ripen to an 
edible condition. The green-ripe grade in- 
cluded fruits that were definitely of a 
lighter green color with an occasional faint 
streak of vellow on the blossom end. 
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Fruits when picked at this stage would 
ripen in about 2 to 3 days at normal room 
temperatures, 75° to 85° F. The firm-ripe 
grade consisted of those fruits which had 
definite streaks of yellow on the blossom 
end but were not ripe enough to be edible 
when picked, although they would ripen 
sufficiently to be edible by the next day 
or the second day after being picked. They 
would still exude the white latex juice if 
the rind were punctured or scratched. 





Fig. 2.—Nishikawa papaya grove, showing effect of 

planting trees 12 feet apart. Note “‘daylight”’ be- 

tween rows and clean culture. Photograph by R. H. 
Marlowe. 


It was planned to gather samples of 
fruits when counts were made of the trap 
catch each week, but on many occasions 
fruits had just been picked for marketing 
before the grove was visited. At other 
times samples were not taken because the 
trap catch indicated that the population 
was so low that infestation would be very 
unlikely. 

Resutts.—The degree of infestation of 
the fruit samples is shown in table 1 and 
the trap catches in table 2. 

Of 23 samples in various stages of ma- 
turity picked directly from the trees there 
were six from which puparia were ob- 
tained. Of the four samples in the stage 
for commercial picking, three were in- 
fested. These samples were gathered be- 
fore the three grades of maturity were de- 
cided upon, but included no fruits more 
mature than firm ripe. 

It will be seen from table 2 that at no 
time was the fly population very high. 
In papaya groves the foliage is sparse 
(Figs. 1 and 2), and the Mediterranean 
fruitfly apparently prefers more dense 
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Table 1.—Infestation by Mediterranean fruitfly of papaya fruit from Nishikawa grove. 





NUMBER oO} 








DATE o1 FRUITS IN DEGREE oF NUMBER OF 
PICKIN¢ SAMPLE MATURITY PUPARIA EMERGENCE 
1988 
Oct. 21 21 Commercial picking ‘ 2 females and 1 male, 
Nov 7, 1938 
17 Commercial picking None 
Nov t 7 Commercial picking 19 17 adults, Nov. 22, 1938 
10 1 adult, Nov. 22, 1938 
Nov. 9 ) Firm ripe None 
Nov. 16 6 (;reen ripe None 
12 Green ripe None 
5 Firm ripe None 
8 Mature green None 
Nov, 23 } Firm ripe None 
9 Mature green None 
9 Green ripe 21 2 males, Dec. 12, 1938 
14 adults, Dec. 13, 1938 
Nov. 30 6 Firm ripe None | 
y Firm ripe None 
) Firm ripe 15 15 adults, Dec. 27, 1988 
7 Firm ripe 12 1 male and 1 female, Dec 
20, 1988: 3 adults, Dee 
21, 1938: > adults, | 
Dec, 22, 1988 
Dec. 7 12 Firm ripe Non 
16 Green ripe None 
Dec i4 16 Firm ripe None 
7 Crreen ripe None 
1939 
Jan } t Mature green None 
} (sreen ripe None 
} Firm ripe None 
I Ex “tat 
foliage. This conclusion was substantiated brought to the Farmers’ Exchange, 
by the trap catches. To check the popula- Limited, from the Kahala district the day 


tion in trees with more dense foliage, a 
trap was placed in an avocado tree on the 
border of the papaya grove, 36 feet from 
a trap in the grove. During the week end- 
ing September 21, 1988, 18 female and 29 
male Mediterranean fruitflies were caught 
in this trap, whereas the total catch for 
the entire month of September for the 
four traps in the papaya grove was 7 fe- 
males and 8 males. The avocado tree was 
about the same height as the papaya 
trees (approximately 15 feet), was in full 
foliage, but contained no fruit. 

PAPAYAS SELECTED FROM MARKETS. 
Although the selection of fruits from 
markets was discontinued because of the 
chance for infestation after picking, there 
was one infestation which is thought to be 
significant. On April 15, 1936, about 200 
mature green papayas, which had been 


before, were examined, and 11 fruits were 
selected for holding over sand. All the 
fruits were green in color and upon being 
scratched would exude the white latex sap. 
The 11 fruits were selected because there 
were no yellowish streaks, scabby places, 
or decayed or bruised places on them. On 
April 30, 13 puparia were sifted from sand 
beneath the fruits and on May 4, 2 males 
and 1 female emerged from them. The 
fruits were held in the insectary of the Bu- 
reau of Entomology and Plant Quaran- 
tine, United States Department of Agri- 
culture, on the University of Hawaii 
campus. Temperatures for this period 
from the United States Weather Bureau 
at Honolulu were as follows: Maximum 
81° F., minimum 63°, and mean 72.4°. The 
minimum time for development of the 
insect at 75° is as follows: Incubation 53 
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Table 2.—Catch of Mediterranean fruitflies in 
Nishikawa grove from July 1937 to January 1939. 








NUMBER Toral 
OF NUMBER OF 
FEMALES FLIES 
1937 
July 8 14 
\ugust 10 16 
September 25 39 
October $1 61 
November 14 S30 
Dec mibe r 5 6S 
1938 
January 25 37 
February 3 } 
March l l 
April l 2 
May 6 Ss 
June 19 29 
July ‘ 7 
August I! 2 
Septembe r 7 15 
October +6 74 
November 63! 82 
December | 1S 
1989 
January 10 12 
lotal $59 539 
Five week itches made as compared \ 


hours, larval stage 8 days, puparial stage 
11 days, or a total of over 21 days. There- 
fore the latest possible date upon which 
the eggs could have been deposited was 
April 18, 1936, 2 days before the sample 
was taken or the day before the fruits 
were delivered to the Farmers’ Exchange, 
Limited. It should be pointed out that 


usually when an insect spends the mini- 
mum time in development in one stage a 
longer-than-minimum time will be spent 
in the following stage or stages. Further- 
more, the temperature at which the de- 
velopment rate was taken was 2.6° F. 
above the mean for the period. 

SUMMARY AND ConcLusions.—Trap 
records of the catch of Mediterranean 
fruitflies, Ceratitis capitata (Wied.), in a 
papaya grove for a period of more than a 
vear show that the fly population is never 
very high in a well-kept grove. 

A catch of 47 flies during a week in an 
avocado tree on the border of the papaya 
grove as compared with 15 flies in 4 traps 
for a month indicates that the papaya tree 
is not a suitable place for flies to congre- 
gate, possibly because of the lack of dense 
foliage. 

Out of 23 samples of mature but unripe 
papayas picked from the trees, six were 
infested. 

It is suggested that papaya trees be 
planted at least 12 feet apart so as to re- 
duce the density of foliage where trees 
might overlap. The trees shown in figures 
1 and 2 are 12 feet apart. 

It appears from observations made that 
keeping the grove free of ripening fruits 
prevents the fly population from building 
up and also forces flies drifting in to ovi- 
posit in the less mature fruits. 

The data indicate that the shipment of 
untreated mature green papayas to the 
mainland would result in the transporta- 
tion also of the immature stages of the 
Mediterranean fruitfly—8-19-42. 
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EIGHTEENTH ANNUAL MEETING CoTTon States BRANCH 


The Eighteenth Annual Meeting of the Cotton 
States Branch of the American Association of Eco 
nomic Entomologists will be held in the ¢« ity of New 
Orleans on February 10 and 11, 1948 

The Jung Hote | has been selecte das he adquart« rs 
Rates at the Jung are as follows 


Single room, one person &3.50 and up 
Double room, one double bed, two 

persons &4.50 and up 

&5.00 and up 

Joun T. CREIGHTON 


Secretary- Treasurer 


['win bed room, two persons 











Time Relationship of Spring Brood Codling Moth 
Emergence, and Subsequent Worm Entry’ 


R. L. Wesster and W. J. O'Neti1,? Washington Agricultural Experiment Station, Pullman 


Records of the moth catch at bait traps 
have been utilized in the Pacific North- 
west as an aid in determining spray dates 


ENTRY 


a WORM 
+ 




















are way 


Fic. 1. Moth emergence (solid lines) and worm entry 

(broken lines), Wenatchee, Wash., 1939, 1940 and 

1941. Black circles indicate time cover sprays were 
applied. 


during the early cover applications. It has 

been assumed that peaks of moth abun- 

dance would ordinarily be followed within 

a few days by peaks of abundance of 
1 Pacific Slope Branch Program, Salt Lake City, 1942. 


2 Published as Scientific Paper No. 527, College of Agriculture 
and Agricultural Experiment Station, State College of Was! 


ington. 


eggs, although it is well known that egg 
laying temperatures were necessary fol- 
lowing the emergence of moths in spring. 
Again it was felt that moths could be 
abundant in an orchard, but that such 
abundance was not always reflected in the 
moth traps because of adverse meteoro- 
logical conditions. The fact that mineral 
oil is often added to lead arsenate in the 
second or third cover sprays makes 1t 
particularly desirable to know the time 
when codling moth eggs and young larvae 
may be expected early in June. 

OBSERVATIONS in 1939.—In 1939 under 
the direction of Dr. Joseph B. Moore, at 
that time serving as entomologist for the 
Tree Fruit Branch Experiment Station at 
Wenatchee, arrangements were made to 
leave one Jonathan tree unsprayed in the 
experimental orchard and all apples show- 
ing worm entries were removed and 
counted every 2 days during the season. 
This afforded an index to worm activity 
in the orchard and could be compared 
with a record of moth activity from the 
same orchard. Bait traps in 1939 indi- 
cated two peaks in moth abundance dur- 
ing May. The first of these was May 12, 
when 419 moths were caught, the second 
May 16, when 572 moths were counted. 
Records during the intervening days were 
high; 359 moths were recorded on the low 
mark during that period. Since emergence 
was continual, the two peaks are merged 
into one in the chart (Fig. 1). Moths were 
observed in the traps as early as May 1 
and the first worm entry observed May 
16. 

On June 1, 20 days after the May 12 
peak, 183 worm entries were recorded. On 
June 10, 25 days after the main peak 357 
worm entries were observed. These dates 
represented the high poimts im June when 
worm entries occurred, although much 
activity took place throughout the entire 
month. 

It is generally assumed that 10 or 12 
days are required for codling moth eggs 
to hatch in spring. In that event it is 
logical to anticipate a large number of 
eggs within 2 or 3 days following peaks 
of moth abundance and numerous worm 
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entries following these peaks by some 14 
days. According to the 1939 data, how- 
ever, the lag between the two peaks 
amounted to 25 days. In fact, figuring the 
first peak on May 12, the difference 
amounts to 29 days. Essential data on 
peaks and spray dates in 1939 is given 
herewith. 


April 24, 1989 Delicious trees in full bloom. 


30 First moths caught in bait pails 
May 1 Calyx spray applied 
9 First cover spray applied 
12 First peak of moths in bait pails 
16 Second peak of moths in bait 
pails. 
Is Second cover spray applied. 
23 Third cover spray applied 
June 1 First peak of worm entry on un- 
sprayed tree. 
9 Fourth cover spray applied. 
10 Peak of worm entry on unsprayed 
tree. 


Maximum temperatures at Wenatchee 
for the 29-day period beginning May 12 
indicated a mean of 75°. For the 25-day 
period beginning May 16 the mean was 
72.4°. It is evident that such temperatures 
were not high enough to induce egg de- 
position nor to facilitate egg hatching, 
since worm entries did not reach the high 
point until June 10, although a minor peak 
occurred on June 1. This represents a 
much longer time than previously sup- 
Fig. 2). 

The second cover spray was applied 
May 18, only two days after the high peak 
in moth abundance at the bait traps. 
Mineral oil at ovicidal concentrations in 
the second cover in 1939 probably was 
too early for maximum value, although 
eggs deposited by moths that were active 
early in May would be vulnerable at that 
time. It would appear, however, that the 
addition of mineral oil in the third cover 
spray, applied May 23, likely was most 
efficient in 1939. 

Very little relationship was observed 
between moth peaks and worm entries 
during the period of second brood ac- 
tivity. Entrances dwindled as the season 
progressed and at harvest 12.2 per cent of 
the apples remained uninfested. The few 
worm entrances recorded later in the 
season seem to indicate litthke movement 
of moths from tree to tree. The removal of 
all wormy fruit during the fore part of 
the season indicates a high degree of con- 
trol for the first brood. Had moths been 
attracted to the unsprayed tree to de- 
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posit eggs in any numbers, a sharp rise in 
worm entrances would have been shown 
in the records. 

OBSERVATIONS in 1940.—In 1940 under 
the direction of W. J. O'Neill, similar 
records were obtained, but the lag be- 
tween peaks of worm entry and moth 
catch was much less, amounting to only 
9 days. The first peak in the bait 


1939 1941 1940 


80° 10 
wox.Teme, ~~ 
70° 20 


Maximum Distance Between Peoks 


60° 30 


80° 10 
70° 
Days a 
ar 
60° 30 


Minimum Distance Between Peaks 


Fic. 2. Above—Mean maximum temperature and 

maximum time intervals between peaks of moth 

catch and worm entry, Wenatchee, Wash., 1939- 

1941. Below—Mean maximum temperature and 

minimum time intervals between peaks of moth 

catch and worm entry, Wenatchee, Wash., 1939- 
1941. 


traps occurred on the night of May 12 
where 421 moths were captured in the six 
traps. This was followed by two higher 
peaks, the first of these on the night of 
May 17 when 741 moths were caught, the 
high point on May 21, when 837 moths 
were caught. Windy weather immediately 
following the May 12 count may have re- 
tarded the appearance of moths in the 
traps. As a matter of fact, the time inter- 
val between peaks likely was closer to 
11 days than 9 days, since the May 18 
record for moth catch ran up to 741 as 
compared to 837 moths caught on the 
night of May 21 (Fig. 1). 

Nine days was the minimum time be- 
tween peaks in the 3 years’ records. A 
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critical study of the charts suggests the 
possibility that egg deposition may have 
in abundance earlier than the 


occurred 
peak of May 21, since moths were com- 
mon as early as May 12, a date followed 
immediately by several days of windy 
weather which may have reduced sharply 
the number of moths at the traps. Figuring 
from the first peak, the time interval in 
1940 would have been 18 days rather than 
9 days. 

Maximum temperatures for Wenatchee 
for the 18-day period beginning May 12 
indicated a mean of 80.3°. For the 9-day 
period beginning May 21 the mean was 
$1.7°. Such temperatures were favorable 
for egg hatching and worm entries in the 
unsprayed tree reached a peak May 30, 
just 4 days before the third cover spray 
was applied (Fig. 2). Mineral oil delayed 
until the third cover spray in 1940 which 
was put on June 3, would appear too late 
for maximum efficiency. Pertinent data 
for 1940 follows. 


April 19 Delicious trees in full bloom 
22.~—sC First moths captured in bait pails 
27 Calyx spray applied 
May 12 | First peak of moths in bait pails 
' 18 First cover spray applied 
21 Second peak of moths in bait pails 
22 Second cover spray applied 
30 Peak of worm entry on unsprayed 
tree 
June 3 Third cover spray applied 
12 Fourth cover spray applied 
OBSERVATIONS IN. 1941.—Records of 


worm entry were kept for a third year in 
1941 again under the immediate direction 
of Mr. O'Neill. Two unsprayed trees were 
utilized, one large and one small, and the 
records were made at weekly intervals. 
Moth trap records were from six traps and 
from daily records. 

Here again two peaks were recorded, 
the first on the night of May 10, when 999 
moths were captured, the second on the 
night of May 20, when the count went up 
to 1250. Unlike the previous records, these 
2 peaks were separated by days in 
which very few moths were caught. Only 
one moth was recorded May 14, two 
moths May 17, three on the night of 
May 18. 

The first peak of was 


worm entry 


reached on May 31 when 636 entrances 
were recorded. This occurred a week fol- 
lowing the third cover spray, one in which 
2 quarts of mineral oil emulsion was 
added to 3 pounds of lead arsenate to 
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100 gallons of water. Although oil at ovi- 
cidal concentrations was applied to the 
experimental orchard in the second, third, 
and fourth cover sprays, it is apparent 
that the third cover probably represented 
the one in which it was most important 
from the standpoint of an ovicide. The 
peak of worm entry was reached June 7 
when 1187 apples showing recent attack 
were removed from the two unsprayed 
trees (Fig. 1). 

Figuring from the first peak of moth 
catch to the peak in number of worm en- 
tries there is a difference of 27 days, ap- 
proximately the same as the 1989 record. 
On the other hand, if the difference is fig- 
ured from the second peak, that of May 
20, when 1250 moths were captured, there 
is a lag of only 17 days, a much shorter 
time than in 1939, 

Later in the summer a peak in worm 
entry was recorded July 12, but little ac- 
tivity was observed following mid July. 
Late in July the counts were abandoned 
because most of the eggs on the unsprayed 
trees were then showing attack by Trich- 
ogramma minutum., 

Maximum temperatures for the 17-day 
period beginning May 20 indicated a mean 
of 77.3°, while the mean for the 27-day 
period beginning May 10 was 74.4°. Such 
temperatures were favorable, at least for 
the shorter period, although the lower 
figures can scarcely be so regarded (Fig. 
~ 


Essential data for 1941 follows. 


April 17 ~— Delicious trees in full bloom 
19 First moths caught in bait pails 
24 Calyx spray applied 

May 2 First cover spray applied 

First peak of moths in bait pails 

2 Second cover spray applied 

0 Second peak of moths in bait pails 

$ Third cover spray applied 

l First peak of worm entry in unsprayed 

trees. 


~ne ec — 


June Fourth cover spray applied 
Peak of entry on unsprayed 


trees, 


worm 


Discussion AND SumMmary.—1l. The 
shortest time interval between the peak of 
moth catch and that of worm entry was 
in 1940. The time was 9 days between 
the main peak of moth catch and that of 
worm entry. The mean maximum tem- 
perature for this period was 81.7° F. 

2. The longest time interval was 29 
days in 1939, from the first high peak May 
12 to the peak of worm entry June 10. 
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The mean maximum temperature for this 
period was 75° F. 

3. Two main peaks occurred in. the 
moth catch, in addition to minor peaks. 
The maximum time difference in days is 
figured from the earlier peak. 

t. Mineral oil at ovicidal concentra- 
tions probably was of little value in the 
second cover spray in 1939 and 1941, but 
of great value in 1940. 

5. Delayed until the third cover spray 
in 1940, mineral oil would have had little 
value as an ovicide since the third cover 
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was not applied until some days after the 
peak of worm entry. On the other hand, 
oil in the third cover in 1939 and in 1941 
would have served well as an ovicide, 
since these applications were made well 
before the peak of worm entry. 

6. Until better timing methods are 
available, it seems advisable either to (a) 
delay the second cover until after the 
main peak of moth catch, or (b) utilize 
mineral oil at ovicidal concentrations in 
both the second and third cover sprays. 
8-1-42. 


\ Race of Comperiella bifasciata Successfully Parasitizes 
California Red Seale’” 


Harry S. Smrru,® University of California, Citrus Experiment Station, Riverside 


As is generally known, the California 
red scale, Aonidiella aurantii (Mask. 
pest of major economic importance on 
citrus, not only in California, but also in 
other parts of the world, particularly in 
Australia and South Africa. In California 
it has ranked near or at the top in impor- 
tance as a citrus pest for many years. This 
fact, together with the well-known 
thusiasm of California citrus growers for 
biological control, has been the stimulus 
for an extended and at times discouraging 
world-wide search for insect enemies in the 
hope of controlling this scale by the bio- 
logical method. One species of parasite, 
(Com perv lla bifasciata Howard, has long 
been associated with this search in a way 
which has been very puzzling. Its true 
role has only recently been cleared up by 
the demonstration that its host relations 
are closely associated with races of the 
parasite. 

Since similar race problems will un- 
doubtedly be met in other biological-con- 
trol projects, with very important bear- 
ings on their success, it is felt that a re- 
counting of the efforts to establish the 
red-scale parasite in California may be 
useful. 

ATTEMPTS TO ESTABLISH COMPERIELLA. 
Comperiella bifasciata was first described 
by L. O. Howard (1906) from specimens 
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reared by George Compere in China from 
a host reported to be Aonidiella aurantii. 
During the period 1900-1905, Compere 
shipped parasitized red scale from China 
to California. There is no definite evidence 
that Comperiella was included among 
these shipments. In 1906, he forwarded 
plants infested with red scale known to be 
parasitized by Comperiella, but the para- 
site did not become established. Again, in 
1908, he was in China and forwarded sev- 
eral shipments of this species to Califor- 
nia, and again establishment failed. The 
records of just how this material was 
handled are so scanty that there is no 
way of surmising the reasons for failure. 

In 1916-1917, C. P. Clausen was sent 
from California to the Orient to search for 
beneficial insects. Large colonies of Com- 
periella bifasciata were obtained by him 
from an Aonidiella on Podocarpus sp. in 
Japan and were forwarded to California. 
(Shipment to California of red scale found 
on citrus in the Orient was purposely 
avoided because of the danger of intro- 
ducing citrus canker.) This species of 
Aonidiella was studied by taxonomists 
(coecid specialists), who could find no ana- 
tomical characters to separate it from the 
California red scale. It was assumed, how- 
ever, that the identity of the particular 
plant and insect hosts from which a para- 
site was secured was of little or no con- 
sequence so long as the insect to be 
controlled was definitely known to be a 
host of the parasite species. 
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As a result of Clausen’s shipments, 
Comperiella bifasciata was introduced into 
the red-scale-infested orchards of Cali- 
fornia in large numbers; establishment did 
not take place, however. The parasite ovi- 
posited freely in the red scale but appar- 
ently always died in the egg stage. The 
conclusion, as a result of this experience, 
was that the California red scale was a 
different race, if not a different species, 
from the so-called red scale on Podocarpus 
in Japan, and that the California red 
scale was completely immune to para- 
sitization by Comperiella bifasciata. 

This conclusion, supported by the fail- 
ure of large-scale attempts to propagate 
Comperiella tifasciata on Aonidiella au- 
rantvi in the insectary, seemed definite and 
final. But the hope of discovering other 
parasites of this scale in the Orient led the 
University of California, in 1924-1925, 
to employ Filippo Silvestri to continue the 
search. Silvestri forwarded, among other 
material, shipments of Aspidistra lurida 
Ker-Gawl infested with Chrysomphalus 
bifasciculatus Ferris parasitized by Com- 
periella bifasciata. Attempts to grow this 
parasite on red scale in California again 
failed completely; but since Chrysom- 
phalus bifasciculatus occurs commonly on 
Aspidistra in southern California, the para- 
site was established on that species in 
the open, where it has persisted to this 
time. This experience tended to corrobo- 
rate the conclusion that the California 
red scale was distinct from the oriental 
form, although considered by taxonomists 
as conspecific, and we wrote as follows 
(Compere and Smith 1927): “It therefore 
appears that tbe race of scales in the 
Orient is physiologically different from 
that in Califorma.” 

In 1931, during a discussion of this puz- 
zling situation with reference to the host 
preferences of Comperiella bifasciata, it 
was suggested that the parasite might pos- 
sibly develop on the related coecid Aonidi- 
ella citrina (Coq.), the yellow scale of 
California. Trials proved this suggestion 
to be a good one, and in the course of the 
next two or three years, millions of these 
parasites were propagated in the insec- 
taries in California and liberated in the 
yellow-scale-infested groves, where the 
parasite immediately became established 
and did good work. 

Up to that time, there were no known 
morphological characters by which to 
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separate the red scale, Aonidiella aurantii, 
from the yellow scale, 1. citrina. The only 
known distinguishing characters of these 
scales were their slight differences in color 
and habit, both of which vary to some ex- 
tent with the host plant. It seemed reas- 
onable, therefore, to conclude that the 
Japanese Aonidiella on Podocarpus, from 
which the California stock of Com periella 
had been obtained, was in reality the 
yellow scale and not the red scale. It was 
then thought that perhaps the so-called 
red scale attacking citrus in China might, 
after all, be identical with the California 
form. In this case, the Comperiella attack- 
ing red scale in China must be a race 
physiologically distinct from the Com- 
periella obtained from Japan and now es- 
tablished in California on the yellow scale, 
because the two were morphologically in- 
distinguishable. Either the red seales of 
California and China were distinct, Com- 
periella parasitizing one and not the other, 
or they were identical, in which case two 
species or races of Comperiella were in- 
volved. If there were two species of 
Aonidiella, or two races of A. aurantii, 
they were morphologically indistinguish- 
able; and if there were two species of 
Comperiella, or two races of C. bifasciata, 
they were morphologically —indis- 
tinguishable. 

The great economic importance of the 
problem seemed to justify continuation of 
the search. Harold Compere was accord- 
ingly sent to the Orient on this project. 
To avoid any chance of confusion on aec- 
count of possible differences between the 
Chinese and California red seales, it 
seemed desirable to take to China live 
scales originating in California citrus or- 
chards. With the danger from citrus 
canker still in mind, it was decided to 
transport the red scale on a non-citrus 
host, Cycas reroluta Thunb. (sago palm). 
Exposure of these California red scales 
on Cycas to colonies of Comperiella bi- 
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fasciata reared in China from what was 


called Aonidiella aurantii developing on 
citrus, failed to result in reproduction of 
the parasite. The evidence that the Cali- 
fornia red scale differed, at least physio- 
logically, from the Chinese red seale in 
such a way as to confer upon it immunity 
to parasitization by C. bifasciata, now 
seemed complete. Here the matter rested 
until 1937. 
IMMUNIZATION BY Host.—In 
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1936, Habrolepis rouxi Comp., an African 
parasite of the red scale, was introduced 
into California (Compere 1936). But 
Habrolepis rouxi, a parasite which bred 
with utmost facility on the California red 
scale on citrus in the insectary, was found 
by Flanders (1939) to be unable to com- 
plete its development on that host insect 
when the latter was grown on Cycas revo- 
luta. This startling discovery immediately 
challenged the soundness of the conclusion 
which had previously seemed so safe, 
namely, that the California red scale was 
at least a race distinct from the Chinese 
form, the distinction consisting in immu- 
nity to parasitization by Comperiella bi- 
fasciata. The questions at once presenting 
themselves were these: If the host plant 
Cyacs revoluta can prevent the develop- 
ment of Habrolepis rouxi in red scale, is it 
not possible that it may also prevent the 
development of Comperiella bifasciata in 
red scale? If the red scale taken to China 
from California had been transported on 
citrus instead of on Cycas, would the 
parasite have developed successfully on 
it? 

Discovery OF DiIsTINGUISHING CHAR- 
AcTERS.— At about this same time, 1937, 
there was another important discovery 
bearing on this question. McKenzie (1937) 
undertaking a taxonomic study of certain 
species of the genus Aonidiella, found, 
at last, reliable morphological characters 
which served to distinguish, without ques- 
tion, the various species of this group. 
With this valuable information, it was 
possible to clarify the taxonomic aspects 
of the problem, so far as the host insects 
were concerned. 

An examination of the preserved host 
individuals on Podocarpus from Japan, 
bearing exit holes of Comperiella bifasci- 
ata, showed that the host was not the 
vellow scale, Aonidieila citrina, but was, 
instead, A. tarus Leon. The Comperiella 
from that host, which was at times 
thought to be A. citrina and at other times 
to be A. aurantii, was the parent stock of 
the Comperiella established in California 
on the yellow scale and abundant and 
widespread on that scale. The preserved 
Aonidiella on citrus from China, bearing 
exit holes of Comperiella, proved, at least 
so far as these new taxonomic characters 
were concerned, to be identical with the 
Califormia red scale, A. aurantii. These 
findings gave ample reason for believing 
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that if the Comperiella bifasciata material 
had been obtained from Aonidiella grow- 
ing on citrus in China, instead of from 
Aonidiella growing on Podocarpus in 
Japan, we might have succeeded in estab- 
lishing the species on red scale in Cali- 
fornia. These developments obviously 
called for still another attempt to estab- 
lish the parasite. 

INTRODUCTION OF THE CHINESE Com- 
periella.—Owing to the military situation 
in China in 1940, it was considered inad- 
visable to send an entomologist over for 
the purpose of securing colonies of Com- 
periella. But J. Linsley Gressitt, a former 
entomology student at the University of 
California, was at that time located in 
South China and it was possibie, through 
him, to obtain the needed material. Still 
faced with the danger of bringing in citrus 
canker, arrangements were made with 
the U. S. Bureau of Entomology and 
Plant Quarantine, through C. P. Clausen, 
to have the material forwarded directly 
from China to the Quarantine Station at 
Hoboken, New Jersey. Here the parasites 
were reared by T. R. Gardner, the plants 
were tested for canker infection, and the 
adult parasites were then forwarded by 
air to Riverside. 

It was evident, within a few weeks after 
arrival in California, that the Comperiella 
bifasciata from this source developed nor- 
mally on the California red scale. Com- 
periella bifasciata from Aonidiella tarus 
from Japan had already been shown to be 
incapable of developing to maturity on the 
red scale. Several million individuals of 
the Chinese Comperiella have since been 
propagated on the red scale in California 
and liberated in the orchards, where the 
race is apparently successfully estab- 
lished. 

Biological studies by Flanders (unpub- 
lished) have shown that these two mor- 
phologically indistinguishable _ parasite 
forms interbreed freely, and that the hy- 
brids exhibit interesting departures from 
the parents with reference to the matter 
of host immunity and susceptibility. The 
inheritance of these racial qualities pro- 
vides an interesting study which has only 
just begun. 

Bearinc or Tuts Work on Biowoat- 
caAL Controi.—This long and rather in- 
volved count of the effort to establish a 
parasite of an important pest, an effort 
continuing over thirty-five years, is pre- 
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sented because it is felt that the lessons after a chance association of the same 
learned will be of value in connection with coccid with another parasite on Cycas 
other biological-control projects. The suc- _reroluta (Flanders 1942). This indicates 
cessful outcome of this attempt depended that the host plant upon which the host 
upon the completion of a chain of events, insect develops may in some cases serve 
the nature of which could not have been to explain failure to establish certain 


foreseen. parasites. 
It was not unreasonable to accept the So far as was known at the time, there 
verdict of the taxonomists as to the iden- was no reason to suppose that a species of 


tity of the Aonidiella on Podocarpus in parasite might consist of races so distinet 
Japan and the Aonidiella on citrus in Cali- — physiologically that one race could repro- 
fornia and China. If the Japanese scale duce with the greatest facility on a cer- 
had originally been determined as A. tain host species, on which another race 
tarus, we should still have considered it a was incapable of reproducing. This fact 
suitable host from which to rear parasites emerged as a result of the need to avoid 
for shipment to California, but more stress any possibility of introducing citrus 
would have been placed on securing Chi- canker into this country. Except for that, 
nese material when the Japanese race failed — citrus material would have been imported 
to develop on A. aurantii. This is not a from China many years ago, and, as we 
criticism of taxonomists. It only serves to now know, Comperiella bifasciata would 
emphasize the importance of taxonomy in undoubtedly have long been established 
biological control and the need for greater on the California red scale. 

support for that branch of entomological This experience with Comperiella  bi- 
research. The clearing up of the taxo- fasciata serves to emphasize several facts: 
nomic aspects of this particular problem 1) An accurate knowledge of the taxo- 
had to await the time when an entomolo- nomic relationships of the host insect is 
gist having the ability, had also the oppor- — of great importance, even if it is necessary 
tunity, to make a detailed study of the to resort to biological studies for their 


morphology of certain species of the genus clarification. (2) Recognition must be 


Aonidiella. given to the possibility that the host plant 
It had not been suspected that the host may confer on the host insect a kind of 
plant upon which a coccid developed could) immunity to parasitization. (3) Cogni- 


render that coccid unsuitable for success- zance must be taken of the fact that 
ful parasitization by a species which _ there are host-limited races of insect para- 
freely parasitized that same coccid when — sites, and that, in any parasite-importa- 
developing on other host plants. The tion program, this must be given due 
recognition of this possibility came only consideration.—8-1-42. 
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According to Dr. W. E. Dove, of the Bureau of 
Entomology and Plant Quarantine, S. E. Shields, 
J. B. Hull and N. G. Platts, all formerly members of 
the Bureau, are now in the Service. Details of their 
status and location have not yet been learned. 














\ Physiological Difference in the Two Races of Red Scale 
and Its Relation to Tolerance to HCN 


H. J Q AYLE, ('nirersity of California Citrus Ex pe riment Station, Riverside 


In a previous paper (Quayle 1938), the 
writer reviewed some of the evidence in 
support of the claim that a strain or race 
of the red seale, Aonidiella aurantii 

Mask), in southern California was more 
tolerant or resistant to HCN fumiga- 
tion than the ordinary red seale in the 
same general locality. It further 
stated that no attempt was made to ex- 
plain the mechanism of this difference: 
whether it was due to the difference in the 
waxy covering of the scale, failure of the 
gas to enter the spiracles, or whether the 
body cells showed a greater tolerance to 
the gas. Attention was also called to the 
fact that the claim that such a resistant 
strain of the red scale had developed was 
not generally accepted by entomologists. 

It was therefore gratifying to learn of 
the interesting discovery of Hardman & 
Craig (1941), that there is an observable 
physiological basis for differentiating the 
resistant and nonresistant The 
salient points as reported in this discovery 


was 


scales. 


are: (1) “In each race the spiracles close 
within 3 to 5 minutes after the cyanide 
reaches them.” (2) “In the resistant race 
the spiracles remain closed as long as the 
cyanide is present for at least 30 minutes.” 
$3) “In the nonresistant race the spiracles 
remain closed for only about 1) min- 
Es 

Since an actual difference in the fune- 
tioning of the spiracles in the two races 
has been reported, an effort has been made 
to harmonize this fact with the actual ex- 
periences of fumigation in the laboratory 
and field. It would appear that any differ- 
the behavior of the spiracular 
openings must be closely related to the 
intake of a gas and the consequent effect 
on the insect. While physiological litte \r- 


ences have been shown between the two 


ence Mm 


races, the fumigation results as here inter- 
preted do not appear to support the claim 
that the particular difference mentioned 
Is chiefly responsible for the resistance 
differential. Since this is contrary to what 
might naturally be expected, the writer 
has considered it desirable to mention 
some of the points that seem to be at vari- 
the further attention of 


ance for en- 
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tomologists. It should be understood that 
Hardman & Craig’s experiments involved 
separate and detached scales, while our 
experiments dealt with scales in their nor- 
mal position on the fruit. 

It is well established that the red scale 
is subject to protective  stupefaction 
Lindgren 1938). It was at once thought 
that the ability of the scales of the re- 
sistant strain to keep their spiracles closed 
for a considerable period would explain 
this fact and thus account for the less 
satisfactory fumigation results in this 
strain. However, both strains of the red 
scale were found by Lindgren to be sub- 
ject to the effects of a stupefying or sub- 
lethal dose of HCN but in a different 
manner. The resistant strain, when ex- 
posed to a sublethal dose and immediately 
thereafter to a lethal dose, showed the ef- 
fects of stupefaction; that is, a decrease 
in percentage of scales killed. The non- 
resistant strain showed no effects from 
the sublethal dose when followed imme- 
diately (1 to 2 minutes) by the lethal dose 
or after an interval of 10 minutes. After 
an interval of 20 minutes, however, the 
effect of the sublethal dose was evident; 
that is, there was a decrease in the per- 
centage of insects killed. A further differ- 
ence is that in the resistant strain the ef- 
fects of the sublethal dose disappear after 
2 hours, while it requires 3 hours or longer 
in the nonresistant. The differences enu- 
merated furnish further evidence that there 
are two strains present in the red scale 
population but they do not appear to be 
correlated with the closure of the spiracles. 

If stupefaction is related to spiracle 
closure, it is interesting to note that in 
three other Lindgren 1938) 
found that these, the granary 
weevil, Sitophilus granarius (L.), was sub- 
ject to stupefaction; while the other two, 
the confused flour beetle, Tribolium con- 
fusum Duv., and the convergent lady- 
beetle, Hippodamia convergens (L.), were 
not. Peters (1936) states that stupefaction 
in the granary weevil results in cessation 
of respiration and infers that the spiracles 
are closed. Are the spiracles not closed in 
the case of the other two insects men- 


insects, 
one of 


” 


J 
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tioned? Even though the spiracles may be 
considered as closed, is it possible that gas 
may not enter? To what extent does the 
gas diffuse through the general body wall? 
Dickson (1941) has shown how the factor 
of resistance is inherited in the red scale. 
It would be interesting to know how the 
spiracles respond to HCN in the F; 
crosses. As related particularly to drift 
gas, how do different concentrations of 
HCN affect the spiracles? These and many 
other questions suggest themselves for 
further study as a result of the difference 
that has been found in spiracle closure in 
the two strains of the red scale. 

Another question related to a difference 
in tolerance to HCN in the two strains of 
red scale and also to stupefaction is the 
effect of temperature. In the case of most 
insects, HCN is more effective at the 
higher temperatures, which is usually ex- 
plained by the increased action of the 
metabolic processes. In the case of the red 
scale, HCN is more effective when scale- 
infested fruits are preconditioned at the 
lower temperatures.' It may be possible 
that the lower temperatures prevent the 
red scale from closing its spiracles and 
thus account for overcoming stupefaction 
and the greater effectiveness of HCN. 
Peters (1936) makes that definite assump- 
tion in the case of granary weevil when 
the temperature is about 41° F. In the 
red scale, a prefumigation temperature 
of 75 was more effective than at 90°, and 
50° was more effective than 75° F. 
(Quayle & Rohrbaugh, 1936). It is 
scarcely to be assumed that a temperature 
of 75° F. would affect the normal opera- 
tion of the spiracles. And here again there 
is essentially no difference in the effect of 
temperature between the two strains of 
red scale. 

In field fumigation of citrus trees, the 
HCN that diffuses through the tent on 
charged trees may drift to the adjoining 
unfumigated trees. Seales on these trees 
may thus receive a stupefying dose before 
they are given the lethal dose 50 or 60 
minutes later. Under these conditions the 
spiracles would need to be closed for a 
longer period than 30 minutes to account 
for the failure to kill the scales. If the 
spiracles opened after 30 minutes, they 
would be in this condition when the lethal 


! This is probably due to the increased sorption of HCN at the 


lower temperatures of the fruit and attached insects, which more 
than overcomes such decrease as may occur in the metabolic 
processes of the insect. 
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dose reached them. However, Hardman 
& Craig (1941) state that in the case of the 
resistant scales the spiracles are closed as 
“long as HCN is present for at least 30 
minutes’; thus the maximum period of 
closure is not yet determined. In so-called 
“double fumigation,” the insects are sub- 
jected to the gas for a 2-hour period with 
the lethal dose repeated (under tents) at 
the end of the first hour. While there is an 
increase in kill obtained with such a 
double exposure and dosage, the increase 
is manifest in about the same degree in 
both strains; and in both strains there is a 
decrease in kill by drift gas. 

As stated in the third paper cited, there 
is in both strains an interval of from 3 to 5 
minutes after the gas reaches the insects 
before the spiracles are closed. It would 
appear, therefore, that the two strains 
should be equally susceptible during this 
period. Our experiments, however, indi- 
cate that there is a marked difference in 
tolerance to HCN in the two strains when 
the period of exposure is but 2.5 minutes 
or less, or before the closure of the 
spiracles comes into the picture. The same 
results were secured in a series of experi- 
ments which involved the same stage of 
the insect as that described in the paper. 

If the spiracles in each strain are open 
for the first 5 minutes and then in the non- 
resistant strain they are closed for 1 
minute, and in the resistant strain for 30 
minutes, figure 1 should represent theo- 
retically what would take place with a 
dosage of 5 cc. in a 100-cubic foot fuma- 
torium, assuming that the gas reaches the 
insect through the spiracles only. There 
would be no differential in the kill for the 
first 5 minutes. In the resistant strain the 
kill, when exposed at different intervals 
for the following 30 minutes, should re- 
main the same because the spiracles are 
closed. If after 30 minutes the spiracles 
open, the kill should then increase with 
additional exposure, as shown. In the non- 
resistant strain, which has the spiracles 
closed for but 1 minute, the increase in 
kill would continue after that time with 
increased exposure, as also shown in figure 
1. 

What actually takes place with a dosage 
of 5 ce. HCN in a 100 cubic-foot fuma- 
torium is shown in figure 2. The greatest 
difference in the percentages killed be- 
tween the two strains occurs with the 
shorter exposures. This is what might be 
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expected because the difference should de- 
crease with either increased exposure or 
dosage. But the results do not appear to be 
correlated with spiracle closure. If spiracle 
closure is the chief factor that explains 
the difference in tolerance to HCN, the 
greatest difference should occur at the 35- 
minute interval and thereafter. During 
the 35-minute period the resistant scales 
have their spiracles open and thus pre- 
sumably subject to the gas for only 5 
minutes, while the nonresistant scales 
have their spiracles open and subject to 
the gas for a period of 34 minutes. 
Another question that is more specula- 
tive in nature naturally arises and that is 
the action of the spiracles during the 
molting period. Since profound physio- 
logical changes occur at this time, is it 
possible that the spiracles may not func- 
tion for at least a portion of this period? 
The question is pertinent because the 
resistant scales are most tolerant to HCN 
while in the second molt. On the other 
hand, the nonresistant scales are most 
tolerant just after they have passed the 
second molt. This again would seem to 
account for a physiological difference be- 
tween the two strains, but it doesn’t 
seem to account for difference in re- 
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Fic. 1.—A theoretical mortality graph of the two 
strains of red scale, indicating the results that should 
occur at different exposures when 5 cc. of HCN is 
used in a 100-cubic foot fumatorium, as based on 
spiracle closure. The spiracles are assumed to be 
closed and no intake of gas occurs in the nonre 
sistant strain for 1 minute, and in the resistant 
strain for 30 minutes. 


sistance to HCN. If the closure of the 
spiracles in one strain is sufficient to aec- 
count for the differences in tolerance, it 
presupposes their functioning in all stages, 
as stated. 
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Hardman & Craig (1941) conclude their 
article with the statement: “A material 
which would cause failure of closure of the 
spiracles would be of the utmost practical 
value.”” That would seem to be a logical 
conclusion but a satisfactory material 
may be difficult to find, in view of past 
experience. Pratt et al. (1933, 1936) ex- 
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Fic. 2.—The actual mortality of the two strains of 
red scale that occurs at different exposures when 
5 ec. of HCN is used in a 100-cubic foot fumatorium. 


perimented with 200 materials in their 
first study and 92 in their second study. 
Cupples et al. (1936) tried more than 300 
chemical compounds with the same ob- 
ject in view, and Lindgren (unpublished) 
has more recently tested 75 such com- 
pounds. Many of these materials were 
selected because they were considered to 
be stimulating or irritating to the insect 
and thus the metabolic processes includ- 
ing respiration would be speeded up, 
which should have the same effect as pre- 
vention of closure of the spiracles. Of the 
large number of such materials tested, 
none gave any promise of practical value. 
The search, however, may well continue, 
expecially as new materials may become 
available. 

SummMary.—The difference in the clos- 
ure of the spiracles in the resistant and 
nonresistant red scales, and which has 
been thought to account for the difference 
in tolerance to HCN, has been indicated. 
However, the fact that the differential in 
tolerance is noted in a fumigation ex- 
posure of 2.5 minutes, before there is any 
closure in either strain, as well as at other 
exposures up to and including 2 hours, 
that it occurs independently of stupe- 
faction or differences in temperature, and 
the possibility of the spiracles not func- 
tioning as claimed during at least a part of 
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the molting process, are points that do not 


appear to support the longer period of 
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Reaction of Resistant and Nonresistant Strains of California 
Red Scale to Fumigation with HCN 


Haroip R. Yusr, R. I 


Ente nwo 


One strain of the California red seale, 
Aonidiella aurantii (Mask.), is relatively 
difficult to kill (resistant) and 
relatively easy to kill (nonresistant) by 
fumigation with hydrocyanic acid gas. 
The cause of this difference in suscepti- 
bility has not been established, but it is 
assumed by Smith (1941) to be physio- 
logical. So far no differences have been 
reported in the morphology or structure 
of the two strains. 

The difference in the functioning of the 
two strains might be ascertained either 
by observing the reactions of individuals 
or by determining the mortalities of large 
numbers following fumigation under dif- 
ferent conditions. The present study is 
based on mortality determinations, in- 
cluding the reaction of the two strains to 
various factors, such as temperatures be- 
fore, during, and after fumigation, sub- 
lethal dosages, and certain combinations 
of these factors. 

The influence of these factors on the 
results of fumigation has already been 
described. Quayle & Rohrbaugh (1934) 


reported on the influence of treatment 
and pretreatment temperature. The fact 
that the pretreatment temperature influ- 
ences the kill was verified by Lindgren 


Bussey, and Howarp D. Netson, U.S. Department o 
gy and Plant Quarantine 


another 


{griculture, Bureau 


1941). The effect of sublethal dosages 
was first observed by Gray & Kirkpatrick 


1929) and subsequently reported by 
Pratt ef al. (1981) and Lindgren (1938). 
Lindgren 1941) also reported experi- 


ments dealing with the influence of sev- 
eral pretreatment temperatures with and 
without sublethal dosages on the mortali- 
ties from fumigation and compared the 
reactions of both resistant and nonresist- 
ant strains to the same factors. The 
susceptibility of resistant and nonresist- 
ant scales to hydrocyanic acid fumigation 
under different conditions was also ob- 
served by Moore 1933, 1936). The con- 
clusions drawn by these investigators, 
however, were not always in agreement, 
nor are all of them in agreement with the 
findings in the present study. In most 
cases the conditions existing during the 
fumigations herein reported differ in one 
or more respects from those in the experi- 
ments previously reported. 
EXPERIMENTAL PROCEDURE. The 
stock of the resistant strain of seale in- 
sects was originally obtained in the vi- 
cinity of Corona, Calif., in 1935 and that 
of the nonresistant strain in the vicinity 
of Escondido in the same year. The two 
stocks have been propagated in adjacent 
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compartments in the laboratory insectary 
since that time. 

The insects were reared on lemon fruits 
in the laboratory at a constant tempera- 
ture of 77° F. and a relative humidity of 
65 per cent. The lemons were placed on 
bottles with their stems in tap water and 
held in good condition as host material. 
Fifty scales on each of a number of fruits 
were included in each experiment, and 
each insect was marked prior to fumiga- 
tion by encircling it with a line of water- 
proof ink. The scales in the second molt 
were 20 or 21 days old, and the mature 
female seales were 35, 36, or 37 days old. 
Both resistant and nonresistant scales of 
the same age were fumigated on the same 
day. 

The fumigations were made in a gas- 
tight chamber having a capacity of 700 
liters. Liquid hydrocyanic acid was meas- 
ured into the chamber from a_ burette 
provided with a jacket through which ice 
water was circulated. The gas was circu- 
lated in the chamber throughout the fumi- 
gation exposure. Unless otherwise stated, 
the inseets were fumigated with a con- 
stant concentration and each exposure 
was for 40 minutes. The nonresistant 
strain was fumigated before the resist- 
ant strain, and where fumigations at 
temperatures of both 59° and 77° F. were 
included the lower temperature was used 
first. After the indicated posttreatment 
conditioning in each experiment the scales 
were held at temperature of 77° until the 
mortality counts were made, 7 days after 
fumigation of mature female scales and 
14 days after fumigation of scales in the 
second molt. Unless otherwise stated, no 
corrections were made for natural mor- 
tality, usually less than 1 per cent. 

The data were analyzed by appropri- 
statistical methods and the 
nificance of the differences determined. 
Differences likely to be exceeded by 
chance once in 20 times or less were con- 
sidered significant. Since several 
trolled factors were included in most of 
the experiments, the analysis of variance 
was employed in most cases, and when 
the mortalities were high (in the nine 
ties) angle transformations usually were 
made (Bliss 1938). 

INFLUENCE OF TREATMENT TEMPERA- 
TuRE.—For studies of the influence of 
various temperatures on reaction to fu- 
migation, both mature female scales and 


Sig- 
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scales in the second molt were used. The 
scales in the second molt were fumigated 
at 50°, 63.5°, and 77° F. and the nature 
female scales at 59° and 77°. The scales 
were preconditioned and post-conditioned 
for 4 hours at the treatment temperature 
except for fumigations at 77°, before and 
after which they were maintained con- 
tinuously at the treatment temperature. 
Fumigations of scales in the second molt 
were made on 1 day and those of mature 
female scales were duplicated on 2 days. 
The mortality figures for each strain at 
each temperature are based on 1,200 
insects, 

Insects that were not fumigated were 
also exposed to the temperatures men- 
tioned above to determine whether the 
temperatures themselves produced any 
mortality. There was no appreciable nat- 
ural mortality of the mature female 
scales at either temperature, and so no 
corrections were applied. Of scales in the 
second molt there was, however, a na- 
tural mortality of 8.7 per cent in the non- 
resistant strain and of 5.3 per cent in the 
resistant strain, and therefore appropri- 
ate corrections were made in the figures. 
The concentrations used and the results 
of these tests are given in table 1. 


Table 1.—Mortality of resistant and nonresist- 
ant California red scales following fumigation at 
various temperatures. ' 





F UMIGATION Mortauity, Per Cent 
TEMPERATURE, 
F. Resistant Nonresistant 


Scales in second molt 


77.0 54.7+3.6 80.6+2.1 
63.5 93.6+1.0 96.8+0.8 
50.0 99.6+0.2 99.7+0.2 


Mature female 8 
77.0 50.3+2.2 91.9+0.9 
59.0 91.3+1.3 93 .3$+1.8 





Resistant and nonresistant scales in the second molt were 
fumigated with concentrations of 0.89 and 0.21 mg. per liter, 
respectively, and those of the mature females with 0.31 and 0.11 
mg. per liter. 


In these experiments the kill of both 
stages of the resistant scales increased 
as the temperature was lowered. The 
same was true of the nonresistant scales 
in the second molt, but to a lesser de- 
gree. The kill of the mature females of 
the nonresistant strain, however, was not 
affected by the differences in temperature. 

In similar fumigations of mature female 
scales at 77° and 59° F. with precondition- 
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ing for 18 hours instead of 4 hours at the 
latter temperature, the kills in the resist- 
ant strain were 52.6 and 83.9 per cent 
and in the nonresistant strain 92.9 and 
80.6 per cent, or reverse reactions for the 
two strains. 

INFLUENCE OF PRETREATMENT TeEM- 
PERATURES.—The reactions of the two 
strains to various pretreatment conditions 
were tested in fumigations of scales in the 
second molt and of mature female scales. 
Part of the seales were held at 77° F. 


Table 2.—Mortality of resistant and nonresist- 
ant California red scales held at various pretreat- 
ment temperatures for different periods. ' 





MorvTa.irty, 
Per CENT 


PRETREATMENT 
CONDITION 


Tempera- 


Resistant Nonresistant 
ture, °F 


Hours 


Scales in second molt, fumigation and post-treatment 


temperatures 77° F. 

77 Continuous 76.0 87.5 

59 54.8 93.4 

59 ‘ 97.0 95.9 

Scales in second molt, fumigation and post-treatment 

temperatures 59° F 

he Continuous 54.8 70.8 

59 } 73.5 88.0 

59 4 82.5 90.3 


Mature females, fumigation and post-treatment 


tem peratures 59° F. 
77 Continuous 55.2 90.9 
59 2 $4.2 92.7 
59 t 88.2 93.6 
59 8 84.8 88.2 
59 12 85.7 85.2 





! Resistant and nonresistant scales in the second molt fumi- 
gated at 77° F. were treated with concentrations of 1.20 and 0.30 
mg. per liter, respectively, and those fumigated at 59° were 
treated with 0.60 and 0.15 mg.; the mature females were treated 
with 0.33 and 0.11 mg 


before fumigation and the rest were held 
at 59° for various periods just before fu- 
migation. After fumigation at 77° the seales 
were held continuously at that tempera- 
ture, and after fumigation at 59° they 
were held at 59° for 4 hours and then 
returned to 77°. The concentrations of 
the fumigant were selected to give about 
the same mortality. Detailed information 
on the results of these tests is given in 
table 2. The fumigations were duplicated 
on 3 days, and each mortality figure is 
based on 1200 insects. 

Preconditioning at 59° F. increased 
mortality in both strains of scales in the 
second molt, and lengthening the pre- 
conditioning period from a half-hour to 
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+ hours significantly increased the kill of 
the resistant strain but not of the non- 
resistant strain. The effect of the pre- 
treatment temperature was produced 
more quickly in the nonresistant strain 
than in the resistant strain. 

In the fumigations at 77° F. 
the increase in kill occurring in the pre- 
treatments at 59°, especially for 4 hours, 
may have been the result of dew collect- 
ing on the infested fruits. Fruits at a 
temperature of 59° placed in a chamber 
at 77° with a 65-per cent relative humid- 
ity were below the dew point. It has been 
shown in experiments previously con- 
ducted that when infested fruits are 
covered with a thin film of water during 
fumigation the kills are increased. 

The primary difference in the reaction 
of the mature female scales of the two 
strains was that lowering the pretreat- 
ment temperature from 77° F. to 59° for 
2 and 4 hours significantly increased the 
kill of resistant scales but did not sig- 
nificantly influence the kill of nonresist- 
ant scales. Increasing the preconditioning 
period from 4 to 12 hours significantly 
lowered the kill of nonresistant scales 
but did not significantly influence the 
kill of resistant scales. 

In a similar series of tests in which the 
fumigation was done at 59° F., lengthen- 
ing the preconditioning period at 59 
from 4 to 18 hours reduced the mortality 
of mature female scales from 90.0 to 
83.9 per cent in the resistant strain, and 
from 91.0 to 80.6 per cent in the non- 
resistant strain. 

INFLUENCE OF PosT-TREATMENT TeEM- 
PERATURES.—In connection with the ex- 


some of 


Table 3.—Mortality of resistant and nonresist- 
ant California red scales in the second molt held 
at different post-treatment temperatures. ' 





Morvauiry, 
Per Cent 


Post-TREATMENT 
ConplI TIONS 


Temperature : . 
I FE Hours Resistant Nonresistant 
Pretreatment and fumigation temperature, 77° F. 
77 Continuous 76.0 87.5 
59 + 80.4 $9.3 


Pretreatment and fumigation temperature, 59°F. 
59 4 82.5 90.3 
77 Continuous 88.4 89.8 





! Resistant and nonresistant scales fumigated at 77° F. were 
treated with concentrations of 1.20 and 0.30 mg per liter, and 
those fumigated at 59° with 0.60 and 0.15 mg. 


























December 1942 


periments just described, information was 
also obtained on the influence of post- 
treatment temperatures on the effect of 
fumigation on scales in the second molt. 
The results are summarized in table 3. 

The results indicated that the tempera- 
ture after fumigation did not influence 
the susceptibility of nonresistant scales. 
The differences in susceptibility of the 
resistant seales resulting from differences 
in post-treatment temperatures were on 
the borderline of significance, in one 
fumigation just below and in the other 
just above. 

In previous experiments it had been 
found that lowering the temperature 25 
degrees after fumigation at 77° influenced 
the kill of resistant scales in the second 
molt and in the mature female stage. 

INFLUENCE OF PREFUMIGATION AT SUB- 
LETHAL Dosaces._-To determine the 
effect of prefumigation on mortality, re- 
sistant and non-resistant scales in the 
second molt were prefumigated for 10 
minutes with sublethal concentrations 
of 0.10 and 0.05 mg. per liter, respectively. 
They were then fumigated with lethal 
concentrations of 1.20 and 0.30 mg. at 
77° and with 0.60 and 0.15 mg. at 59°. 
The final fumigations followed immedi- 
ately after the prefumigations. The fumi- 
gations were duplicated on 3 days, and 
each mortality figure is based on 1200 
insects. The results are given in table 4. 


Table 4.—Effect of prefumigation at sublethal 
dosages on the kill of resistant and nonresistant 
scales in the second molt. Prefumigation made 
immediately before regular fumigation. 





Mortauiry, Per Cent 


Precon- Fumica Resistant Nonresistant 
DITIONING TION 

Temper- Temrer- Not Prefumi Not Pectenat 
ATURE, rere, Prefumi gated Prefumi rear 

au 

F. gated gated g 

on 77 76.0 54.0 87.5 72.7 

° 59 54.8 25.6 70.8 64.2 

a 77 97.0 71.2 95.9 81.9 

: 59 82.5 63.3 90.3 81.8 





The kills of both strains were decreased 
by preliminary treatment with sublethal 
dosages regardless of the pretreatment 
temperature, but the differences were 
more marked with the resistant strain. 

The seales in table 4 and those in the 
second molt stage in tables 2 and 3 were 
fumigated simultaneously and other com- 
parisons may be made for interrelations of 
prefumigation, and pretreatment, treat- 


Yust er AL.: RESISTANT AND Non-Resistant Rep ScALe 


819 


ment, and posttreatment temperature in 
both strains. 

The influence of prefumigation on the 
mortality of mature female scales of both 
strains was also studied. Three groups of 
scales of each strain were prefumigated 
and one group of each was not prefumi- 
gated. The scales had been preconditioned 
at 59° F. for 4 hours before fumigation, 


Table 5.—Effect of prefumigation at sublethal 
dosages and at different intervals before regular 
fumigation on the kill of resistant and nonresist- 
ant ~~ female scales. Both fumigations made 
at 59° F. 





CONCENTRATION 


IN Prerumication, INTERVAL Mortauiry, 


NUMBER Me. per Liter BeTWEEN Per Cent 
or - ——— Fuwica- — ——-—-——— 
PREFUMI- Non- TIONS, Non- 


GATIONS Resistant resistant Minutes Resistant. resistant 





l 0.10 0.050 22 72.6 92.7 
l 05 . 026 6 63.1 88.7 

10 .050 . “a on 
2 05 ‘026/ 6 74.0 92.6 
0 -— —_ 99.0 95.2 





which was carried on at the same tempera- 
ture. One group of scales of each strain 
was prefumigated for 10 minutes at each 
concentration. A third group was given 
two prefumigations of 10 minutes each, 
one at each concentration. The final 
fumigations were made with decreasing 
concentrations, averaging 0.11 mg. per 
liter for the nonresistant strain and 0.44 
mg. for the resistant strain. The fumiga- 
tions were all made on the same day, and 
each mortality figure is based on 900 in- 
sects. Detailed information on the treat- 
ments used and the results obtained is 
presented in table 5. 

Prefumigation with sublethal dosages 
decreased the mortality of both strains 
and the same trend was in evidence for 
both strains. 

In another experiment at 59° F. part 
of the scales were held at 59° for 18 hours 
before fumigation and the rest for 4 
hours. Prefumigations of the resistant 
and nonresistant strains were for 10 min- 
utes at concentrations of 0.050 and 0.025 
mg. per liter, respectively, and the final 
fumigations were made at concentrations 
of 0.32 and 0.11 mg. per liter. The interval 
between prefumigation at the sublethal 
dosage and the final fumigation was 1 
hour. Each mortality figure is based on 
700 insects. The results of these tests are 
given in table 6. 

Mortality of the resistant strain was 
decreased significantly by prefumigation. 
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When the preconditioning period was 4 
hours the mortality of the nonresistant 
scales was not changed by prefumigation, 
but when the precondition period was 18 
hours the mortality was significantly in- 
creased by prefumigation. 
SummMary.—The effect of pretreatment, 
treatment, and post-treatment tempera- 
tures, and prefumigation with sublethal 
dosages on the susceptibility of resistant 


Table 6.—Effect of prefumigation at sublethal 
dosages and at two preconditioning periods on 
the kill of resistant and nonresistant mature fe- 
male scales. Prefumigations made 1 hour before 
regular fumigations, and fumigations made at 
59° F. 





Mortaurry, P CEN 


Pr Resistant Nonresistant 
NI 
Time Not Pre Pre Not Pre Pre 
Hours umig ! imigated fumigated fumigated 
4 90.0 29.9 91.0 91.6 
18 83.9 20.0 S06 86.5 





and nonresistant strains of the California 
red seale, Aonidiella aurantii (Mask.), to 
fumigation with hydrocyanic acid was 
studied under controlled conditions. 

When seales were preconditioned and 
postconditioned for 4 hours at the treat- 
ment temperatures, the kill of the resist- 
ant scales in the second molt and in the 
mature female stage and of the nonresist- 
ant seales in the molt was in- 
creased by lowering the temperatures, 
but the kill of nonresistant mature female 
scales was not influenced by the treat- 
ment temperature. 


second 
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When mature female scales were pre- 
conditioned for 18 hours instead of 4 
hours the kill of the resistant scales was 
increased by lowering the temperatures, 
and the kill of the nonresistant scales was 
decreased. 

In fumigations of seales in the second 
molt at both 59° and 77° F. precondition- 
ing at 59° increased the kill of both 
strains, but the effect of the pretreatment 
temperature was produced more quickly 
in the nonresistant strain than in the re- 
sistant strain. In fumigations of mature 
female seales at 59° short preconditioning 
periods cf 2 or 4 hours significantly in- 
creased the kill of resistant scales but did 
not influence the kill of nonresistant 
scales. 

The kill of resistant seales was influ- 
enced more by the temperature after 
fumigation than was the kill of nonresist- 
ant seales. 

In the second molt the kills of both 
strains were decreased by prefumigation 
with sublethal dosages but the differences 
were more marked with the resistant 
strain. In the mature female stage the 
kill of resistant seales was decreased sig- 
nificantly by prefumigation in treat- 
ments at 59°. The kill of the nonresistant 
scales was not changed by prefumigation 
1 hour before the final fumigation when 
the preconditioning period was 4 hours, 
but when the preconditioning period was 
18 hours the kill was significantly in- 
creased by prefumigation. —7-22-42. 
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Factors Influencing Results of Laboratory Fumigation of 
California Red Scale with HCN 


Haroip R. Yust and L. B. Howarp,' U. S. Department of Agriculture, Bureau of Entomology 
and Plant Quarantine 


Field fumigations of the California red 
scale, Aonidiella aurantii (Mask.), with 
hydrocyanic acid give widely varying re- 
sults, even though the operations are care- 
fully supervised. To determine the cause 
of these variations a number of labora- 
tory experiments were performed at Whit- 
tier, Calif. Although the factors known 
to influence fumigation were controlled, 
variations in the laboratory results per- 
sisted. The experimental work was there- 
fore continued to find what other factors 
contributed to the variability. In_ this 
study the effects of the condition of the 
host material, the density of the scale 
population, the development of the in- 
sects, and post-treatment temperatures 
were Investigated. 

EXPERIMENTAL Procepure.— Lemon 
fruits were collected in the field. These 
ranged from about 2.15 to 2.28 inches in 
diameter and usually were obtained from 
the same grove at the same time for each 
treatment. The fruits were infested in the 
laboratory with a stock of scales relatively 
resistant to hydrocyanie acid. The insects 
were reared on lemon fruits in the labora- 
tory at a constant temperature of 77° F. 
and a relative humidity of 65 per cent. 
The methods of rearing and treatment 
were the same as those described by Yust 
et al. (1942). The fumigations were for 40 
minutes at 77° F. and a relative humidity 
of 65 per cent, and unless otherwise stated 
the concentrations were constant. Fifty 
of the most advanced insects were usually 
included on each fruit. The data were 
analyzed by appropriate statistical meth- 
ods. Differences likely to be exceeded by 
chance once in 20 times or less were con- 
sidered significant. 

The factors known to be important 
which were controlled included (1) the 
concentration of hydroeyanie acid, (2) 
the length of the exposure, (3) the tem- 
perature prior to and during fumigation 
Quayle & Rohrbaugh 1934), (4) exposure 
to sublethal dosages (Gray & Kirkpatrick 
1929), and (5) the developmental stage of 
the insect (Quayle 1922). 


Now with the Bureau of Agricultural Chemistry and Engi 


heering 


CONDITION OF THE Host LemMoNns.— 
There are decided differences in the tur- 
gidity of lemon fruits of the same size in a 
grove. To study the influence of the firm- 
ness and turigidity of the fruit on the kill, 
the condition of similar fruits was altered 
by variations in the holding in the labora- 
tory. After infestation, 96 fruits were 
placed on bottles with their stems in 
water, and 96 were placed on empty bot- 
tles. At the time of fumigation the lemons 
having their stems in water were more 
firm and turgid than those on empty bot- 
tles. The two groups are designated as 
superior and inferior, respectively. The 
scales were fumigated while in the second 
molt stage with a concentration of 0.9 
mg. per liter. The kill on the superior 
lemons was 56.5 per cent, and on the in- 
ferior lemons 61.0 per cent. Since a dif- 
ference of 2.9 per cent was significant, a 
better kill was obtained on the inferior 
fruits than on the superior fruits. 

In another experiment two groups of 
24 lemons were obtained in the same grove 
about a month apart. The first group was 
slightly soft when the second group was 
obtained. The two groups were infested 
simultaneously. The scales were reared 
simultaneously under identical conditions, 
and were fumigated while in the second 
molt stage with a concentration of 0.9 
mg. per liter. The kill on the first group 
was 59.2 per cent, and on the second 
group 45.9 per cent. Again a significantly 
better kill was obtained on the inferior 
fruits. 

To test the influence of the source of 
the fruits on the kill, lemons were col- 
lected from two groves, (A and B), in 
the vicinity of Whittier, on the same day. 
The fruits were similar in size, color, sur- 
face texture, and turgidity, were infested 
simultaneously with approximately the 
same number of scales per fruit, and the 
scales were reared under the same condi- 
tions. The fruits from the two groves ap- 
peared to be in about the same condition 
at the time of fumigation. The scales 
were fumigated in the second molt stage 
with a decreasing concentration ranging 
from 2.0 mg. per liter at the start to 0.3 
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mg. at the end of 40 minutes. The kill on 
the 24 fruits from grove A was 63.3 per 
cent, and on 24 fruits from grove B 74.8 
per cent. Since a difference of 6.1 per cent 
was significant, it is evident that a better 
kill was obtained on fruits from grove B 
than from grove A. Other similar tests 
were made, but significant differences 
between groves did not always occur. 
These results indicate that differences in 
kill may result from imperceptible differ- 
ences in the host material. 

The color and rind texture of the fruits 
did not influence the results but occa- 
sionally slightly higher kills were obtained 
on smooth fruits and on yellow fruits than 
on rough or green fruits. This difference 
was probably due to the turgidity of the 
fruit because the green lemons and those 
with rough rinds were generally firmer 
than the yellow lemons and those with 
smooth rinds. 

The uniformity of the kill on fruits was 
further tested by the chi-square method. 
The values of chi square resulting from 
these tests of significance for scales in 
the second molt and in the gray adult 
stage always demonstrated variation be- 
tween fruits. In the mature female there 
was generally a variation in kill between 
fruits. 

The homogeneity of the insects used 
was tested by the chi-square method as a 
check on the possibility that the variation 
in mortality between fruits was due to 
variations between insects. At the time 
of the mortality counts the 50 insects 
marked on each fruit were divided, at 
random, into two subgroups of 25 each. 
Seales in the second molt and in the gray 
adult and mature-female stages were 
tested. The total values of chi square for 
a number of observations showed clearly 
that the insects were homogeneous on 
each fruit and that a uniform probability 
of kill was prevalent in the subgroups of 
each stage. 

POPULATION AND Densitry.—The effect 
of the total population per lemon on the 
mortality was studied. Forty-eight fruits 
were infested for a 1-day period with 
equal populations uniformly distributed 
on each fruit. After the young had settled 
they were brushed off of opposite quar- 
ters of 24 of the fruits, to reduce the 
population approximately half without 
changing the density on the infested por- 
tions of the fruits. Even on the fruits with 
only half as many insects, 50 mature fe- 
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male scales were readily found for mark- 
ing. The scales were fumigated when 36 
days old with a concentration of 0.6 mg. 
per liter. Mortality on the fruits that were 
half infested averaged 61.2 + 1.8 per cent, 
and that on fruits with double the popu- 
lation averaged 69.2+1.5 per cent. The 
higher kill on the heavily infested fruits 
may have been due to a difference in 
turgidity, for these fruits were usually 
perceptibly less turgid than the lightly 
infested fruits. 

To test the influence of density of the 
scale population on the mortality, two 
densities were obtained on fruits with 
about the same total populations by in- 
festing 48 fruits with about equal numbers 
of scales after painting the opposite quar- 
ters of half of the fruits with melted paraf- 
fin. Since young cannot settle on a thick 
coating of wax, a dense infestation was 
obtained on the unparaffined area. After 
the young settled, the paraffin wax was 
peeled off without injury to the fruits. 
The scales were all fumigated together 
while in the second molt with a concentra- 
tion of 0.9 mg. per liter. The mortality of 
the uniform scattered infestation was 36.7 
per cent, and of the dense infestation 41.7 
per cent. Since a difference of 3.8 per cent 
was required for significance, there was a 
slightly higher kill of scales on the densely 
infested fruits. 

In dense populations the scales are fre- 
quently so crowded that their wax covers 
are fused together and their bodies are in 
contact. This condition exists on both 
field- and laboratory-infested fruits. To 
determine whether this type of crowding 
influenced the results, 100 insects were 
marked on each of 21 fruits, 50 of which 
were not touching another insect and 50 
were in contact with one or more insects. 
The mortality for those not touching was 
80.3 per cent, and for those touching 75.7 
per cent. The difference, although small, 
was found to be statistically significant. 

Ace or Scates.—The influence of the 
age of the scales within certain develop- 
mental stages was determined. Seales of 
four ages in the second molt and in the 
gray adult and mature-female stages were 
tested. For each stage, fruits were infested 
on four consecutive days and fumigated 
simultaneously at the desired ages. The 
infestation and the treatment of each 
stage were duplicated on two dates, and 
1200 insects of each age were included in 
the treatments. The scales in the respec- 
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tive stages were fumigated with concen- 
trations of 0.9, 0.6, and 0.6 mg. per liter. 
The results are presented in table 1. 

When in the second-molt stage the in- 
sects of each age looked very much alike 
except for the 18-day-old insects, which 
were slightly lighter in color. Only the 
kills of the 19- and 20-day-old insects 
were essentially the same. 

In the gray-adult stage the covers of 
the 29-day-old insects were full sized, but 
those of the 26-day-old insects were little 
larger than those of scales in the second 
molt, and the covers of the remaining two 
ages were intermediate in size. The kills 
at each age were significantly different. 
with marked differences between scales 
26, 27, and 28 days old. 

In the mature stage the appearance of 
the four different ages was the same ex- 
cept that the 33-day-old insects were a 
little lighter. The 33-day-old insects were 
significantly more difficult to kill than 
those in the other three ages. 

There was considerable variation in the 
rate of development of the scales on the 
same fruit. Although the young settled 
on the host fruits on the same day, the 
insects did not all reach the same stage 
simultaneously, nor were they all in the 
same phase of the developmental stage. 
In the age test 50 scales most advanced 


Table 1.—Mortality of the California red scale 
at four ages in each of three developmental stages 





Seconp Mout Gray ApULT Marure-Femace 
Age, Mortality, Age, Mortality, Age, Mortality, 
Days Per Cent Days Per Cent Days Per Cent 
18 53.9 26 15.2 18 52.4 
1” 415.09 27 $3.6 ‘4 58.7 
20 $6.2 28 73.5 15 59.7 

21 65.0 20 79.7 16 61.5 





in development were selected on each 
fruit. On the fruits with scales 20 and 2] 
days old, 50 retarded scales in the second 
molt stage were also selected for compari- 
son. The retarded insects were lighter in 
color than the advanced insects. The kills 
of the advanced and retarded 20-day-old 
insects were 46.2 and 44.6 per cent, re- 
spectively, and of the 21-day-old insects 
65.0 and 54.2 per cent. The difference at 
the former age was not significant but at 
the latter age it was highly significant. 
Post-TKEATMENT TeMPERATURE.— The 
effect of varying the post-fumigation tem- 
perature was observed in tests with scales 
in the second molt stage, 19 days old, 
which were fumigated with a concentra- 


tion of 0.9 mg. per liter, and with mature 
females 36 days old, which were fumigated 
with 0.6 mg. per liter, at 77° F. After 
fumigation, 1200 insects in both stages 
were placed in constant temperatures of 
52°, 77°, and 95° F. Those placed in 77° 
were held at that temperature continu- 
ously until the mortality counts were 


Table 2.—Influence of the post-treatment tem- 
perature on the mortality of insects reared and 
fumigated at 77° F. 





Post-TREATMENT 
CONDITIONS Mortauity, Per Cent 


Temper- Second Mature- 
ature, ° F. Time Molt Female 
52 10 minutes $5.8+3.7 66.3+2.1 
52 5 hours 48.5+5.3 52.8+3.6 
77 Continuous 36.7+1.9 70.3+1.3 
95 10 minutes 40.2+4.1 74.0+1.6 
95 5 hours 64.8+3.0 93.8+1.5 





made. Half of those placed at 52° and 95° 
were removed to a temperature of 77° 
in 10 minutes, and the remaining half 
were removed to this temperature after 
5 hours. After the indicated periods the 
insects were held at 77° until the mortality 
counts were made. The results are pre- 
sented in table 2. 

With the 5-hour period a low tempera- 
ture following fumigation favored in- 
creased survival of mature females, but 
had the opposite effect on scales in the 
second molt. The high temperature after 
fumigation favored increased mortality 
of both stages. In general, the 10-minute 
exposure had no substantial effect on the 
results. 

INTERVAL BETWEEN FUMIGATION AND 
Mortauity Count.—The number of days 
required after fumigation before the total 
mortality can be accurately determined 
was ascertained. One hundred mature 
female scales were marked on each of 26 
fruits and fumigated with a concentra- 
tion of 0.6 mg. per liter. Fifty scales on 
each fruit were counted 7 days after fu- 
migation, and the remaining 50, 14 days 
after fumigation. The mortalities were 
79.4 and 81.8 per cent, respectively. 
These percentages were not significantly 
different, indicating that the total effect 
was obtained within 7 days after fumi- 
gation. In another experiment the mor- 
talities at 4, 7, and 14 days after fumiga- 
tion were 72.5, 73.2, and 71.5 per cent, 
respectively, indicating that accurate 
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mortality counts were obtained within 
4 days after fumigation. 

Seventy-five scales in the second molt 
on each of 48 fruits were fumigated with 
a concentration of 0.9 mg. per liter. Mor- 
tality counts of 25 insects on each fruit 
were made 7, 14, and 21 days after fumi- 
gation. The mortalities were 31.2, 46.7, 
and 50.7 per cent, respectively. The mor- 
talities at the 14- and 21-day counts were 
not significantly different. In a previous 


experiment the mortalities 4, 7, and 14 
days after fumigation were 51.2, 48.6, 


and 74.9 per cent, respectively. These 
results indicate that in the second molt 


Table 3.—Survival of California red scales in 
the three adult stages 14 days after fumigation 
of scales in the second molt with four concentra- 
tions of hydrocyanic acid. 








PeRCENTA 
INs . 
M NUMBEt I ! Lat 
Pre M ALITY or I r Matu 
Lit I ( EN INSECTS lu udult | 
o.9 $1.8 60 1.¢ S. 2? nw 
1 63.7 te tf 15.8 70 ¢ 
1 79.5 246 7 4 ti 0 
1.8 91 105 14 $.3 51.4 
1200 ise ¢ fumigated w t ! ry nm 


accurate mortality counts could be ob- 
tained within 14 days after fumigation, 
but not in 7 days. 

Many of the scales fumigated while 
in the second molt died early in the gray- 
adult stage, but not until some time after 
fumigation. It was noted that the mouth- 
parts of these scales were not inserted 
in the host material. This was probably 


due to the weakened condition of the 
insect following fumigation, and death 


may have resulted from starvation. 

It appears that scales fumigated in the 
second molt stage have survived fumiga- 
tion if they have developed beyond the 
early gray-adult stage. The time required 
to develop beyond this stage increased 
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as the mortality increased. This is shown 
in table 3, which includes the results of 
fumigations at four concentrations and 
the percentages of the live insects in the 
three adult stages 14 days after fumiga- 
tion when the mortality counts were 
made. No surviving scales were in the 
second molt. 

Since the scales surviving fumigation 
in the second molt developed more slowly 
after a high kill than after a low kill, ac- 
curate determination of the total mortal- 
ity can be obtained more quickly after 
a low kill. 

SumMaAry.—Laboratory — fumigations 
were conducted to determine the cause 
of variations in the results of hydrocyanic 


acid fumigation against the California 
red seale, lonidiella aurantia Mask.). 
The seales were reared on lemon fruits 


in the laboratory and fumigated at 77 
F. and 65 per cent relative humidity. 

Better kills were obtained on lemons 
that were slightly soft than on those that 
were firm and turgid. At times the kill 
on fruits from different groves was mark- 
edly different, although the appearance 
of the fruits was the same. 

On the same fruits, 
scales that were fused together were a 
litthe more difficult to kill than 
that were not touching other insects. 

Frequently, difference in age within 
the stage affected the kill, probably ow- 
ing to a difference in degree of develop- 
ment. 

An increase of 18° F. in the temperature 
after fumigation favored increased mor- 
tality of scales in the second molt and of 
mature females, but 
acted differently toa drop of 25 
fumigation. 

The scales in the second molt dey eloped 
more slowly after a high kill than after a 
low kill; therefore the total mortality 
could not be determined so quickly after 
a high kill. 8-1-42. 
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Fumigation of Yellow Scale with HCN 
under Laboratory Conditions 


Haroip R. Yust, Howarp D. Newson, and R. L. 


Bussey, U.S. Department of Agriculture, Bureau 


of Entomology and Plant Quarantine 


The yellow scale, Aonidiella citrina 
(Coq.), is widely distributed in California, 
but is most abundant in the interior sec- 
tions of southern California and in the 
citrus areas of the Sacramento and San 
Joaquin Valleys. It also is present in some 
of the coastal areas. 

Satisfactory control of the yellow seale 
has been obtained with hydrocyanie acid 
fumigation. Studies were made at Whit- 
tier, Calif., on the influence of several 
factors on the susceptibility of yellow 
scales to hydrocyanic acid fumigation 
under controlled conditions. The results 
of these studies are discussed, and com- 
parisons are made with the results of simi- 
lar experiments on the California red 
scale. 

EXPERIMENTAL = ProckpURE.— Unless 
otherwise stated the yellow scales used 
in these tests were obtained in the vicinity 
of Ivanhoe, in central California, and 
were reared in the laboratory on lemon 
fruits at a constant temperature of 77° F. 
and a relative humidity of 65 per cent. 
The methods of rearing and treatment 
were the same as those used in studies of 
the California red scale (Yust ef al. 1942). 
All scales were fumigated with constant 
concentrations of gas for 40 minutes. The 
scales fumigated at 59° and 68° F. were 
preconditioned at these temperatures for 
approximately 8 hours before fumigation. 
After fumigation they were held at the 
respective temperatures for 4 hours be- 
fore being removed to a constant tempera- 
ture of 77°, where they remained until 
counted. Fifty insects were included on 
each fruit. Usually 12 to 16 fruits were 
included in each treatment. 

Comparative Mortauiry or = Dr- 
VELOPMENTAL STAGES.—-Seales in_ the 
second molt, early gray adult, late gray 
adult, and mature female stages were 
fumigated with a concentration of ap- 
proximately 0.31 mg. of hydrocyanic acid 
per liter at 77° F. The treatments of each 
stage were duplicated on 2 days and in- 
cluded a total of 1200 insects. The results 
are shown in table 1. 

The vellow seales in the gray-adult 


Ss 


stage were most readily killed, and those 
in the mature-female stage were consider- 
ably less susceptible to the gas than were 
those in earlier stages. In other experi- 
ments under similar conditions California 
red scales in the second molt stage were 
more difficult to kill than were those in 
the mature-female stage. 
CONCENTRATION-MortTALITY Tests. 

Yellow scales in the second molt stage, 


Table 1.—Mortality of yellow scales following 
fumigation. 





STAGE AGE OF 
oF INSECTS, Mortatiry, 
DEVELOPMENT Days Per Cent 
Second molt 20 to 22 80.8 
Early gray adult 24 to 26 92.6 
Late gray adult 28 to 29 86.6 
Mature female 35 to 38 36.1 





21 or 22 days old, were fumigated at 77° 
F. with concentrations of 0.22, 0.32, and 
0.40 mg. of hydrocyanic acid per liter. 
The corresponding mortalities were 77.2, 
$4.2, and 96.0 per cent. 

Seales in the mature-female stage, 35 
to 38 days old, were fumigated at 77° F. 
with concentrations of 0.32, 0.46, and 
0.91 mg. of gas per liter. The correspond- 
ing mortalities were 39.7, 66.0, and 89.5 
per cent. 

Comparison of the results with those 
of similar experiments on the California 
red seale indicated that yellow scales and 
red seales of the nonresistant strain were 
about equally susceptible to hydrocyanic 
acid in the second molt stage, while in the 
mature female stage the susceptibility 
of the yellow scales was comparable to 
that of red scales of the resistant strain. 

TemPperature-Mortauity Tests. 
Some idea of the influence of temperature 
on the kill was obtained in tests with a 
concentration of 0.74 mg. of hydrocyanic 
acid per liter at temperatures of 59°, 68°, 
and 77° F. The insects were mature fe- 
males, 36 or 37 days old, 400 insects be- 
ing treated at each temperature on each 
of 2 days. The mortalities for the tempera- 
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tures indicated were respectively, 98.1, 
95.6, and 89.8 per cent. In similar experi- 
ments the kill of the California red scale 
also decreased as the temperature was 
increased. 

PREFUMIGATION Tests.—To determine 
the effect of prefumigation with sublethal 
or only slightly toxic concentrations, yel- 
low scales were prefumigated with a low 


Table 2.—Effect of prefumigation with weak 
dosages of hydrocyanic acid on the final kill of 
yellow scales in the second molt and of mature 
females. 








FUMIGA- FINAL- Mortatity, Per Cent 
TION F UMIGATION, 
TEMPERA Mg. HCN Not Pre- Pre- 
ruRE, °F PER Liter fumigated fumigated 
Seale I in second molt 
77 0.380 78.7 55.2 
77 80 81.1 50.9 
59 15 82.0 78.2 
59 15 91.8 68.5 
VW ature females 
77 85 85.7 68.3 
77 99 86.0 75.2 
gas concentration for 10 minutes and 


were then immediately exposed to a lethal 
concentration. The prefumigation dosage 
was 0.05 mg. per liter in all exposures 
except the second treatment at 59° F., 
when it was 0.025 mg. The results are 
shown in table 2. 

With one exception, a 
lowering of the mortality of scales in both 
stages, exposed immediately thereafter 
to an ordinarily lethal concentration of 
the gas, occurred as a result of the pre- 
fumigation. 

Scales in the second molt were stupefied 
in the fumigation at 59° F. with a prefumi- 
gation concentration of 0.025 mg., but 
not significantly with a concentration of 
0.05 mg. 

SUSCEPTIBILITY OF SCALES FROM Two 
Locauities.—The susceptibility of yellow 
scales in the second molt and in the ma- 
ture female stage from Ivanhoe, was com- 
pared with that of yellow scales of the 


considerable 
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same stages from East Highlands, in 
southern California. Seales of the two 


stocks in the respective stages were reared 
simultaneously, and 600 scales of each 
stock in each stage were included in the 
treatments. The the second 
molt stage were fumigated with a con- 
centration of 0.31 mg. of hydrocyanic 
acid and the mature females with a con- 
centration of 0.99 mg. The mortalities of 
scales of the central and southern Califor- 
nia stocks in the former stage were 77.5 
and 26.8 per cent, respectively, and in the 
latter stage 89.3 and 71.8 per cent, respec- 
tively. In both stages the vellow scales 
from southern California were more diffi- 
cult to kill. 

SumMaryY.— Yellow that 
reared in the laboratory on lemon fruits 
were fumigated with hydroeyanic acid 
under controlled conditions. 

Mature female yellow scales were con- 
siderably less susceptible to fumigation 
than those in the second molt. Under sim- 
ilar conditions California red seales in the 
second molt stage were more difficult to 
kill than the mature females. 

In the second molt stage vellow scales 


scales in 


were 


scale Ss 


and California red scales of the nonresist- 
ant strain were about equally susceptible 
to hydrocyanic acid, but in the mature 
stage yellow scales and red scales of the 
resistant strain were about equally suscep- 
tible. 

As with the California red scale, the 
mortality of vellow scales decreased as 
the temperature at the time of fumigation 
was increased. 

Prefumigation with sublethal dosages 
of hydroeyanie acid caused in practically 
all cases a considerable lowering of the 
mortality of the vellow scale in both the 
mature female and molt 
exposed immediately thereafter to a lethal 


second stages 
concentration. 

Yellow scales from stocks obtained in 
southern California were more difficult to 
kill than those from stocks obtained in 
central California.—8-1-42. 
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Spray-Fumigation Experiments on California Red Scale’ 


> L. Linporen? and R. C. Dickson. University of California Citrus Experiment Station, Riverside 
. / 


In those areas in which the California 
red scale, Aonidiella aurantii (Mask.), is 
difficult to control by fumigation, a combi- 
nation treatment consisting of an oil spray 
followed in 10 or 15 days by hydrocyanic 
acid (HCN) fumigation, or an oil spray in 
the summer or fall, followed by winter 
fumigation, is generally recommended. 

It has been shown by Quayle (1927) and 
by Quayle & Ebeling (1934) that an oil 
spray is more effective on the fruit than on 
the wood, and that fumigation is more ef- 
fective on the wood than on the fruit. In 
spraying, however, it is easier to cover the 
fruit, and thus to kill the seales, on the 
outside of the tree than on the inside; 
while in fumigation, the scales on the in- 
side of the tree are more likely to be killed 
than are those on the outside, the concen- 
tration of HCN gas being lowest near the 
tent. Spraying and fumigating are there- 
fore complementary treatments. 

In field practice, according to Quayle 
& Ebeling (1934), there are usually ad- 
vantages in applying the spray first and 
fumigating later. Oil spray tends to loosen 
some of the seales from the surface to 
which they are attached, and these scales 
are believed to succumb more readily to 
fumigation than those that have not been 
sprayed and are well sealed to the surface. 
This would indicate a synergistic effect. 
Kvidence tends to show that the presence 
of oil on the citrus tree makes the tree less 
susceptible to injury from hydroeyanic 
acid gas. Since, from the standpoint of 
orange-tree tolerance, August or early 
September is the preferable period for ap- 
plying the spray, and since fumigation 
may be carried on in the fall and winter, 
the desirable sequence, as already suy- 
gested, is to apply the spray first and to 
fumnigate afterwards. 

Experiments were undertaken to deter- 
mine whether red scales which have sur- 
vived an oil spray are more susceptible to 
hvdroeyanic acid gas fumigation than 
those which have not been sprayed; to de- 
termine the effect, if any, of different time 
intervals between the two treatments; 
and, finally, to measure the relative effec- 

1 Paper No. 474, University of California Citrus Experiment 
Station, Riverside, California 
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tiveness of the spray on different stages of 
red scale, as well as on the resistant and 
nonresistant strains (Quayle 1938). The 
data presented in this paper are based on 
laboratory experiments and, because of 
the different conditions represented, the 
results may not be in agreement with 
those obtained in the field. 

EXPERIMENTAL ProcepuRE.—The red 
scales used in these experiments were adult 
females of both resistant and nonresistant 
strains, reared under identical conditions 
in air-conditioned rooms. Except in those 
experiments in which scales of various age 
groups were tested to determine their rela- 
tive susceptibility to oil sprays, all scales 
were 38 to 40 days old. 

Each experiment involved the treat- 
ment of nine scale-infested grapefruits, of 
which three were sprayed with oil, three 
were fumigated, and three were given the 
combination treatment, that is, an oil 
spray followed by a fumigation or a fumi- 
gation followed by an oil-spray treatment. 
Each experiment was replicated four to six 
times. Approximately 500 scales were 
checked on each fruit. 

All fumigations were with hydrocyanic 
acid gas in an airtight fumatorium of 100- 
cubic-foot capacity, at a temperature of 
75° F. and an exposure of 40 minutes. Un- 
less otherwise stated, the concentrations 
of HCN used in the fumigations were 0.11 
mg./l. for nonresistant scales and 0.4 
mg./l. for resistant scales. The spraying 
was done with a precision laboratory 
sprayer operating at 300 pounds pressure. 
A light-medium emulsive spray oil was 
used, at a concentration of 0.5 to 1.5 per 
cent. Each fruit was placed on a revolving 
turntable and was sprayed with the oil 
while the fruit made two complete revolu- 
tions. The two treatments (fumigation 
and spraying) were separated by various 
time intervals ranging from 1 to 14 days. 
Between treatments the fruits were held 
in a closed room at a temperature of 70° to 
73 F. 

EXPERIMENTAL ResuLts.—Summa- 
rized results of experiments to determine 
whether spray treatment followed by fu- 
migation treatment is more effective than 
fumigation treatment followed by spray 
treatment, or, in other words, whether 
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scales that have survived an oil spray are 
more susceptible than unsprayed scales to 
HCN fumigation, are presented in table 1. 
Comparison shows only a slight (not sig- 


Table 1.—Relative value of oil spray and fumi- 
gation, used separately and in combination, in 
the control of the California red scale. 








PERCENTAGE SURVIVAI 
lest TREATMENT Obtained Expected 
series | 

l Fumigation only 22 55 
“4 Oil spray only 8.20 
} Oi spray followed 
by fumigation S50 S61 
series 2 
l Fumigation only 19.35 
2 = Oi§jl spray only $4.27 
} Fumigation followed 
by oil spray 9.19 8 357 
At ; 3 
Sp aaa 
1} per cent. Fu HON 
O.lit 4 , 1 th fee: t } 
( , the ' 
0.2255 S820 rw nf } } M ” ~ 


nificant) difference between the survival 
obtained and the survival expected.' The 
difference in the survival obtained from 
these combination treatments is only 0.9 
per cent, which is not significant. These 
results indicate that, under the conditions 
of these experiments, scales which sur 
vived an oil-spray treatment were not 
more susceptible to fumigation than un 
sprayed scales. 

In the tests to determine the effects of 
different time intervals between spraying 
and fumigating, in treat 
ments, mature female scales of resistant 


combination 


and nonresistant strains were used. The 
dosage of 0.11 mg./l. HCN used on non 
resistant scales resulted in a slightly lower 
survival than was obtained with the dos- 
age of 0.4 mg./l. HCN used on the resist 
ant strain. 

The results of different 
between spray and fumigation treatments 
as shown by percentages of survival ob 
tained, are given in table 2. It will be ob- 
served that in none of these tests is there 
significant difference between the survival 
obtained from the combination treatment 
and that expected at the particular time 
intervals chosen. The interval between the 


time intervals 


! Expected percentage survival calculated from the results 
the separate spray and fumigation experiments (see footnote 


table 1). 
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two treatments does not, therefore, seem to 
be an important factor. 

The relative effectiveness of oil spray on 
resistant and = nonresistant = strains of 
California red scale in various stages of de- 
velopment is shown in table 3. The effects 
on the various stages of scales agree with 
those obtained by Ebeling (1936). Scales 
up to and through the early gray adult 
stage are very susceptible to oil sprays; 
but the late gray adult and mature female 
scales are relatively resistant. Between the 
early gray and late gray stages, the scale 
covering increases in size rapidly; this in- 
dicates that there may be a relationship 
to oil 


suggests that the 


between size of scale and resistance 
sprays. Ebeling (1936 
immature seales are easier to kill because, 
as compared with adult scales, they are 
less firmly fixed to the surface Upon which 
they rest, and their spiracles are not so far 
from the margins of their bodies, or cover 
Ings. 

It is interesting to note that resistant 
and nonresistant red scales (so called be- 
cause of their difference in susceptibility 
to hydrocyanic acid gas) show no signifi 
difference In their 
Table 3 In most cases the differ 


cant 
sprays 


resporise to oil 


Table 2.—Percentage survival of resistant and 
non-resistant strains of California red scale, 
showing effect of different intervals between 
spraying and fumigating in combination treat- 
ment. 








INTERVAL BETWEEN PeRCENTAGE SURVIVAL 
SPRAYING AND 
Pest FUuMIGATING Days Obtaimmed l xpected 
Resistant Stran 
| 1-5 7.9 S 
? 7-9 x 11.8 
, 1-11 Pe 9.0 
} 12-14 to 7.8 
Nonresist int SStrain 
| 1-3 <2 >. 6 
) 7.9 6.2 4a 
} 1 18 S.1 x 0 
\ tal 17 0 ~“e 
Sprav treatment ' ' 
1} pe Fumig t HaN 
oil | r ' ant « 4 
les: exposure, 40 minutes | I 
Calculated n the basis | 
fun ition t itn ts 


ences between the two strains of scale, in 
percentage kills caused by oil sprays, are 
small and do not favor either strain. Re- 
sults of HCN fumigation 
cluded in table 3 for comparison, show the 
difference in kill between the resistant and 


of seales, in- 
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Table 3.—Comparative effect of oil spray and HCN fumigation on percentage kill of nonresistant and 
resistant strains of California red scale in various stages of development.' 





Nonresistant Scales 


Sprayed 


Mean Per Cent Kip 


Resistant Scales 


Sprayed 





1 per cent Fumigated (1 per cent Fumigated 
light-medium (HCN, 0.2 light-medium (HCN, 0.76 
STAGES oil mg./1.) oil) mg./I.) 
Nipple stage, first instar, 5 days old 99.8 98.34 99.6 97 .36 
First molt, 8 days old 98.9 95.61 98.6 95.85 
Second instar, 13 days old 98.4 92.12 93 .6 91.40 
Second molt, 16 days old 95.9 90.95 96.6 76.91 
Early gray adult, 21 days old 87.5 79.82 93.4 88 .37 
Late gray adult, 30 days old 50.3 97 .68 $5.8 92.40 
Adult female, 38 days old 43.2 97.20 42.3 94.79 
\ total of 92,186 insects checked 


nonresistant scales in the various stages of 
development. 

\ comparison of the percentages of kills 
effected by the two treatments on the dif- 
ferent stages of scales shows that the sec- 
ond molt and early gray stages, which are 
most likely to survive the fumigation, are 
relatively easy to kill by the oil spray; and 
that the late gray and adult insects, which 
are difficult to kill by oil spray, are com- 
paratively easily killed by fumigation. 

SUMMARY AND ConcLusions.—In labo- 
ratory tests, California red were 
treated with oil spray and with hydrocya- 
nic acid gas (HICN) fumigation, used sep- 
arately and in combination, 

Red scales which survived an oil-spray 
treatment did not prove to be more sus- 
ceptible to fumigation than unsprayed 


scales 


scales. 
The length of the interval between the 
spray treatment and the fumigation treat- 


ment does not seem to be an important 
factor. 

The second molt and early gray stages 
of red scale, which are the most likely to 
survive the fumigation, are relatively easy 
to kill by the oil spray; the late gray and 
adult insects, which are difficult to kill by 
oil spray, are comparatively easy to kill by 
fumigation. 

From the results of the experiments it 
appears that the satisfactory control of 
California red scale by the use of a combi- 
nation of oil-spray and fumigation treat- 
ments is due to the additive effect of the 
two treatments and to the complementary 
nature of the kills resulting from the sepa- 
rate treatments. The order in which the 
treatments are given has no significant ef- 
fect on the combined results, but the 
factors of climate and tree tolerance indi- 
cate that, in the field, the spray should 
usually precede the fumigation.—8-11-42. 
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The citricola scale, Coccus pseudomag- 
noliarum (Kuw.) was first recognized in 
California as a species distinct from the 
soft brown scale, Coccus hesperidum L., 
in 1909. It was described by Campbell 
1914) as C. citricola. A few years later it 
became one of the most serious pests of 
citrus in the dry inland section of the 
state. Except for an area between Niles 
and Los Gatos in the San Francisco Bay 
region, it is seldom found in coastal 
areas. 

Professor H. J. Quayle informed the 
writer that the history of citricola scale 
infestation during the past thirty vears is 
characterized by the uniformity in den- 
sity of the population. In the infested area 
south of the Tehachapi Mountains a 
marked reduction in the population level 
occurred in 1934-35. This lower density 
has prevailed up to the present. In Tulare 
County, north of the Tehachapi, a very 
general sulfur program of control has been 
practiced until recently. Now the popula- 
tion density is increasing. It is probable 
that since sulfur has a greater lethal effect 
on the effective parasites of citricola scale 
than on the scale itself, a reduction in the 
amount of sulfur used may emphasize the 
differential effect allowing a build-up of 
scale while preventing the activity of the 
parasites. This would be particularly 
noticeable in Tulare County where there 
is extreme sulfuring of vineyards. A sulfur 
dusted vineyard may “trap” large num 
bers of parasites and thus inhibit their 
effectiveness. 

Host PLANTs or CITRICOLA SCALE. 
The host plants of citricola in California 
other than citrus are, as listed by Quayle 
1917), hackberry, Celtis occidentalis, 
buckthorn Rhamnus crocea, nightshade, 
solanum douglassi, pomegranate, punica 
granatum, walnut, Juglans regia, and elm, 
Ulmus americana. These plants, however, 
serve as hosts only when growing in the 
vicinity of citrus infested with citricola. 
Professor Quayle informed the writer that 
at one time a heavy infestation occurred 
on buckthorn in the San Dimas Wash. He 
made a survey north to Santa Barbara 
but found no other infestations on _ this 
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host. The citricola scale so heavily in- 
fested a species of hackberry, Celtis Sl- 
nensis, on the property of the Arlington 
Heights Fruit Company that the trees 
were cut down. The report that the trees 
came from Japan led to a suspicion that 
the seale originated there (Quayle 1917). 
However, there is no record of citricola 
scale on hackberry in Japan or China. 
Ishii (1927, 1928) in studying the para- 
sites of scales on Celtis sinensis in Japan 
makes no record of citricola seale. He 
found this hackberry to be a host of Le- 
canium Sp., Kermes Sp., and Takahashi 
Sp. Harold Compere, in a letter to Pro- 
fessor Harry 5. Smith dated Oetober 14, 
1982, states that he was unable to find 
citricola scale on hackberry in the vicinity 
of Hong Kong. 

The susceptibility of introduced species 
of hackberry to infestation by citricola 
scale incited a survey of the species ( eltis 
reticulata, native to California. This west 
ern hackberry occurs in the mountain 
ranges bordering the deserts In Decem- 
her, 1930, citricola seale was found in 
abundance on hackberry in a canyon 
north of Banning (Gilman Ranch). In 
April, 1982, another infestation was found 
on hackberry in Caliente Creek cast of 
Bakersfield. Hackberry plants examined 
at Independence, Inyo County; near Ja 
cumba, San Diego County; near King 
man, Arizona; on the Bright Angel Trail, 
Grand Canyon, and in Zion National 
Park, Utah, appeared to be free of citri 
cola seale. 

It may be significant that the infesta- 
tions on native hackberry occur within 20 
miles of infestations on citrus. An exam- 
ination of these infestations on hackberry 
in June, 1942, the first examination since 
about 1936, revealed that they had been 
reduced in density to a very low point. 
Not a live scale was found on the hack- 
berry near Banning. 

The species of Celtis known to serve as 
hosts of citricola scale are Celtis oecci- 
dentalis, C. australis, C. sinensis, and C. 
reticulata. 

The citricola scale during its develop- 
ment migrates from the leaves to the 
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twigs in the fall of the year. Egg produc- 
tion begins the latter part of April, the 
eggs hatching within 2 or 3 days after 
deposition. There is only one generation 
a year, the young developing slowly after 
hatching until early spring, when rapid 
development occurs. Most of the citricola 
scales on citrus migrate from leaves to 
twigs in March and early April, instead of 
in the fall and winter as would be neces- 
sary on a deciduous host plant. 

Quayle (1915) found that on potted 
citrus trees some individual scales which 
were hatched on May 27, 1914, matured 
and produced a few young ihe following 
October. In 1982, on potted citrus in the 
insectary of the Citrus Experiment Sta- 
tion, the progeny of citricola scale from 
hackberry at Banning completed a life 
cycle in 2 months, at a constant tempera- 
ture of 85° F. Such early maturing in- 
dividuals, however, were structurally ab- 
normal in that their antennae usually 
were made up of six to seven segments 
instead of the usual number, eight. 

This abnormality, however, seldom oc- 
curs when rapid development occurs on 
potted hackberry in the insectary. On 
April 12, 1932, newly hatched scales from 
hackberry at Banning were placed on 
hackberry (probably Celtis australis) in 
the insectary. They settled on the hard- 
ened twigs as well as on the leaves. Those 
on the twigs developed rapidly, 
reaching maturity in 2 months. This indi- 
cates that development is more normal on 
hackberry than on citrus. On hackberry 
reproduction also was more normal in 
spite of the rapid development. 

In 1931 the writer was sent to Australia 
by the University of California to search 
for citricola scale. The survey was limited 
to certain species of plants in southeastern 
Australia where conditions seemed favor- 
able for the existence of the scale. The in- 
spection work was largely confined to the 
native citrus, particularly Eremocitrus 
glauca, occurring from Broken Hill and 
Narromine, New South Wales, to Long- 
reach and Rockhampton, Queensland, but 
hackherry was also examined. No native 
species of this plant occurs in Australia. 
The examined included Celtis 
bungeana in the Botanic Gardens at Mel- 
Brisbane, and C. 
Park near 


most 


species 


sinensis al 


the National 


bourne, (€. 
paniculata in 
Svdney. 

The result of this survey was to elimi- 
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nate Australia from the list of regions to 
which citricola scale conceivably could be 
indigenous. If introduced into Australia 
it is probable that citricola scale would 
become a serious pest of citrus in the more 
arid areas. 

In Japan the deciduous citrus species of 
Poncirus trifoliata appears to be the 
favored host plant of citricola scale 
(Clausen 1923) although it also attacks 
pomelo and orange. This scale was found 
to occur throughout the citrus areas of the 
main islands of Japan. As a pest of citrus 
it is there of no consequence, only isolated 
individuals occurring in citrus groves. On 
Poncirus trifoliata fair colonies may be 
found occasionally but these seldom per- 
sist for more than one or two seasons 
(Clausen 1927). 

According to Swingle (Bailey 1916) 
Poncirus trifoliata, a native of North 
China, was introduced into Japan over a 
thousand years ago. It is possible, there- 
fore, that during this long period the 
citricola scale and most if not all of its 
parasite fauna were accidentally intro- 
duced. 

PARASITES OF CITRICOLA SCALE IN 
Japan.—During the past twenty years 
several shipments of parasitized citricola 
scale have been sent to California from 
Japan by the U.S. Bureau of Entomology 
and Plant Quarantine in cooperation with 
California agencies. On the basis of the 
parasitic species obtained in these ship- 
ments, the parasite fauna of citricola scale 
in Japan is known to consist of the follow- 
ing species: 

Metaphycus orientalis Comp. 

Coccophagus yoshidae Nakayama 

Coccophagus japonicus Comp. 

Coccophagus hawaitiensis Timb. 

Anicetus annulatus Timb. 

According to Compere (1926) Micro- 
terys okitsuensis Comp. and M. japonicus 
Ash. were reared from twigs collected in 
Japan which were heavily infested with 
citricola scale. However, several species of 
coccids occurred on these twigs. Compere 
(1924) states that Metaphycus orientalis 
attacks the large stages of citricola scale 
and develops gregariously in a manner 
similar to that of M. lounsburyi on black 
scale. In the parasite complex on citricola 
in Japan, a species similar in habit to M. 
luteolus (Timb.) in California is notably 
lacking. The species that occupies this 
niche may occur in North China. 
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Shipments of parasitized citricola scale, 
collected by C. P. Clausen in Japan, were 
received in California in 1922 and 1923. 
In 1936 and 1937, R. W. Burrell collected 
twigs of Poncirus trifoliata infested with 
citricola scale and sent them to the 
Moorestown laboratory of the Bureau of 
Entomology and Plant Quarantine. The 
parasites reared from this material were 
forwarded to Riverside. None of the spe- 
cies were established. This was perhaps 
due to the difficulties encountered in rear- 
ing sufficient numbers for liberation. 
PARASITES OF CITRICOLA SCALE IN 
CautirorniA.—The parasitic fauna of 
citricola scale in California prior to 1937 
consisted of certain species that are pri- 
marily parasitic on soft brown scale. These 
are listed by Quayle (1917) as Coccophagus 
lycimnia (Walk.), C. seutellaris (Dal.), and 
Metaphycus luteolus (Timb.). These spe- 
cies attack only the small stages of the 
scale. No parasites of the mature scale are 
known in California. As pointed out by 
Compere (1924), the parasites of citricola 
scale are handicapped by the uniform de- 
velopment of their single-brooded host. 
The species that “holds first place as an 
enemy of the citricola scale in California” 
is Metaphycus luteolus. According to 
Timberlake (1913), M. luteolus, as a para- 
site of soft brown scale, has “first place in 
order of effectiveness.” This he attributed 
to its general distribution and its habit of 
destroying its host in the early stages 
before any damage has been done or any 
offspring produced. It is able to pass 
through several generations a year be- 
cause it develops from egg to adult in 
about 18 days at summer temperatures. 
Metaphycus luteolus generally is more 
effective against soft brown scale than ci- 
tricola scale because it successfully parasit- 
izes nearly all stages of the soft brown scale 
and because this host, as pointed out by 
Compere (1924) has several broods annu- 
ally and lacks uniformity in development. 
Metaphycus luteolus becomes especially 
abundant when black scale, soft brown 
scale and citricola scale are associated 
(Smith & Compere 1928). It may be very 
general in its parasitization of immature 
black scale and in some groves may be of 
considerable importance (Swain & Dug- 
gan 1928). Since M. luteolus is able to 
reproduce for several generations on the 
slow growing stages of black scale and 
an abundance of such 


citricola scale, 
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stages permits an enormous increase in 
the parasite population. 

Although Metaphycus luteolus can not 
maintain itself on a pure infestation of 
citricola, it may nevertheless have a con- 
siderable effect in reducing a citricola in- 
festation if there is sufficient soft brown 
scale or off-hatch black scale to enable it 
to bridge the period when citricola is im- 
mune. The general reduction of citricola 
scale in southern California in 1954 may 
have been, in part, the work of M. luteolus. 

Metaphycus luteolus may have been ac- 
cidentally introduced into California. In 
the early days of citriculture in California 
the soft brown scale is said to have been 
one of the worst of scale pests (Timberlake 
1913). In 1858, according to the report of 
the California State Agricultural Society, 
72 fine orange trees on the property of 
Don Manuel Requena in Angeles 
were severely injured by the feeding of an 
insect about the size of “a fully developed 
flax seed” and so numerous that the 
leaves had “the appearance of being full 
of small blisters.” It is not likely that such 
an infestation would have developed had 
M. luteolus been present. 

Coccophagus lycimnia and €. 
are to a limited extent secondary parasites 
of citricola seale. The eggs of unmated 
females develop hyperparasitically. The 
males of C. lycimnia often develop ecto- 
parasitically on Metaphycus luteolus. 

Parasites oF Orner Cocceips ArTack- 
ING CrTRICOLA ScaLte.--In 1983, .1ner- 
istus ceroplastae How., which was intro 
duced into California from Ilawat, was 
observed to complete its development in 
citricola scale. No liberations were made 
on this seale. 

In April, 1936, several hundred speci- 
he leropne usticus 


Los 


seule llaris 


mens of Coccophagus 
Comp., a species introduced from South 
America in 1934-35, were colonized on 
several citrus trees in Visalia, California, 
heavily infested with citricola scale. The 
parasites readily oviposited and their 
progeny developed to maturity in large 
specimens of the scale. As many as 20 
adults completed their development in a 
single scale within a few weeks. Establish- 
ment, however, did not occur; probably 
because the adult parasites could not sur- 
vive the period of host unsuitability. 
Under insectary conditions (C. hetero 
pneusticus reproduces on soft brown seale 
Flanders 1939). 
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In 1937, Metaphycus stanleyi Comp. 
and M. helrolus Comp., were introduced 
into California from Africa for the control 
of black scale. These species are now 
widely distributed and have been ob- 
served to develop on citricola scale. A high 
degree of parasitization of citricola scale 
by these species occurs in some orchards, 
particularly by M. stanleyi. This parasite 
oviposits in the second and third instars 
of citricola scale but it cannot develop if 
the scale is nearly mature or mature. In 
such scale the area immediately surround- 
ing the deposited egg becomes black, in 
sharp contrast to the light gray color of 
the scale body. Since M. stanleyi and M. 
helrolus oviposit only on or in the margin 
of the seale, the occurrence of several 
black areas around the border of the scale 
is indicative of the presence of M. stanleyi 
or M. helvolus. 

When soft brown seale is associated 
with citricola scale, both species may be 
held in check by Metaphycus stanleyi. In 
1942 a survey of citrus orchards in the 
vicinity of Hemet showed considerable 
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evidence of M. luteolus, M. helvolus, and 
M. stanleyi having successfully controlled 
heavy infestations of citricola scale. Plots 
that had been selected for testing certain 
insecticides were rendered useless for that 
purpose. 

SumMaAryY.—The citricola scale, Coccus 
pseudomagnoliarum (Kuw.), a serious pest 
of citrus in the more arid areas of Cali- 
fornia, appears better adapted to hack- 
berry, Celtis spp., than to citrus. It has 
been found on hackberry only in or near 
areas of infested citrus. Citricola scale is 
known to occur outside of California only 
in Japan where it is not a pest of conse- 
quence. Hackberry occurring in Japan, 
China and Australia appears to be free 
from citricola scale. In Japan citricola 
scale is parasitized by Metaphycus ori- 
entalis Comp., Coccophagus yoshidae Na- 
kayama, C. japonicus Comp., C. hawaii- 
ensis Timb. and Anicetus annulatus Timb. 
In California it is attacked by M. luteolus 
Comp., M. stanleyi Comp., M. helvolus 
Comp., C. lycimnia (Walk.) and C. scutel- 
laris (Dal.).—-7-19-42. 
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EASTERN Pest Contro.t CONFER- 
ENCE AT AMHERST 


The Third Annual Eastern Pest Control Operators 
Conference will be held at Massachusetts State Col- 
lege, Amherst, on January 11, 12 and 13, 1943. A 
varied and interesting program dealing with timely 
subjects has been arranged. Entomologists who may 
be able to attend will be welcome and will find much 
to interest them in the program. 











Abortive Development in 


Parasitic Hymenoptera, 


Induced by the Food-Plant of the Insect Host’ 


STancey E. FLAnpers,? University of California Citrus Experiment Station, Rivers 


The food or host plant affects the para- 
sites of plant-feeding insects directly by 
stimulating oviposition and host-search- 
ing activity (Flanders 1940). It may also 
affect the parasites indirectly, through the 
host insect, by modifying the rate of re- 
production and the nutrition of the de- 
veloping larval stages (Flanders 1939). 

Recent investigations have indicated 
that marked physiological differences may 
exist between individuals of a single host 
species if such individuals feed on different 
food plants. These physiological differ- 
ences are manifested by the develop- 
mental reactions of a parasite species in- 
habiting its host different 
plants. The parasite may be able to com- 
plete its development in one case but un- 
able to do so in another. The extent of sue- 
cessful parasitization is apparently deter- 
mined by the quality or proportion of 
chemical constituents of the food digested 
by the host. 

Several insect hosts, namely, the Cali- 
fornia red scale, Aonidiella aurantii 
(Mask.), the tobacco worm, Protoparee 
sexta (Johan.), and the tomato worm, 
P. quinquemaculata (Haw.), are known to 
be rendered immune to successful para- 
sitization by certain plants upon which 
they feed. It is possible that these are but 
extreme instances of what is a common 
phenomenon. Oviposition by the para- 
sites and egg incubation in these hosts are 
normal, but the parasites die before 
reaching maturity, most deaths appar- 
ently occurring during the larval feeding 
period. 

A similar type of mortality may occur 
when a parasite develops in an unusual 
host, as observed by Salt (1938) in the 
case of Trichogramma eranescens in the 
egg of Tenebrio molitor, a host which T. 
evanescens attacks only under artificial 
conditions. Salt believes that the para- 
site mortality observed in his studies was 
determined by the chemical constitution 
of the host egg, which changes as the egg 
develops. The later the stage of develop- 
ment of the host egg at the time of attack 


species on 
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by the parasite, the longer the life period 
of the immature parasite was found to be. 

As pointed out in a previous paper 
Flanders 1987), a simple explanation to 
account for the unsuitablity of a host for 
the successful development of a parasite, 
is that as a food it is inadequate. It ap- 
pears probable that, as Salt (1988 
gested, it is the presence or absence of 
minute quantities of “subtle” substances 
that determines the suitability of a host 
for successful parasitization. 

An outstanding example of this “‘sub- 
tle” type of immunity ts the unsuccessful 
parasitization of red seale, .lonidiella 
aurantii, on the sago palm, Cycas reroluta 
Thunb., by the chaleidoids Habrole pis 
roust Comp. and (om pe riella bifasciata 
How. (Chinese race).’ Both of these spe- 
cies develop successfully in red seale on 
citrus. The cause of this differentiation 
may be inherent in the red scale rather 
than in the sago palm, however, since this 


sug- 


plant, when serving as a host of vellow 
scale, Aonidiella citrinus Cog. " does not 
prevent the completedevelopment of either 
Habrole pis or ¢ om pe riella. The immunity 
of red seale on sago palm to successful 
parasitization by Habrole pis and ('om- 
periella is probably due to the inability 
of the scale to ingest a normal proportion 
of nutritive substances. This is indicated 
by the fact that the parasites inhabiting 
it die in all stages of development, from 
egg to imago. 

The ectoparasite .tphytis chrysomphali 

Merset) is able to complete its develop- 
ment when feeding on red scale on sago 
palm, but there is a comparatively high 
mortality of the parasite in its immature 
stages. 

The fact that a host plant of an insect 
can render that insect resistant to success- 
ful parasitization was observed by Morgan 

1910) and Gilmore (1988a, 1988b) in the 
case of the hornworms Protoparce sexta 
and P. quinquemaculata and the parasite 
A panteles congregatus. Gilmore, who con- 
tinued the investigation of this phenome- 
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non begun by Morgan, found a marked 
difference in the parasitization of hosts fed 
on different varieties of tobacco. When the 
hosts were fed on burley tobacco (or on 
tomato), the parasites completed their 
development and emerged. But when 
hosts were fed on dark-fired tobacco, the 
parasites died before reaching maturity. 
Morgan and Gilmore attributed this to 
the greater nicotine content of dark-fired 
tobacco. 

The importance, in biological control 
work, of host-immunity derived from the 
host plant is illustrated by the attempt to 
introduce the parasites of the red seale 
into California (Compere ef al. 1941; 
Smith 1942). The introduction and mass 
propagation of a red-seale-feeding strain of 
Comperiella bifasciata was accomplished 
in 1941, after 35 years of trial and error. 
This delay was, in part, the result of using 
red scale on sago palm for the transporting 
and rearing of the parasites. 

There is reliable evidence that sago 
palm infested with red scale was used as 
early as 1906 in an attempt to propagate 
(‘om periella hifasciata sent to California 
from China by George Compere. In 1982, 
six red-scale-infested sago palms were 
taken from California to China and India 
for the purpose of testing parasites in 
those countries for possible introduction 
into California. The use of a host plant 


of the danger of introducing citrus canker 
into California. Since the specimens of 
('. bifasciata collected in China and India 
did not reproduce on the red scale infest- 
ing the sago palms, it was assumed that 
red scale was immune to parasitization 
by Comperiella; this parasite was therefore 
used as a means of distinguishing red 
scale from yellow scale. 

Later, Harold Compere (1936) stated 
that Comperiella bifasciata readily ovi- 
posits in California red scale, but the eggs 
or larvae of the parasite “are destroyed by 
this coccid’s immune reaction.” The im- 
munizing effect of sago palm on red scale 
was first recognized in 1938, however, 
when an attempt was being made to 
propagate the scale parasite Habrolepis 
rouxi, introduced from Africa. This dis- 
covery first suggested the possibility that 
the failure to obtain a red-scale parasite 
from China was the result of the use of the 
sago palm as a transport host. Recent 
tests with a race of Comperiella obtained 
in China in 1941 have shown that such 
was the case. 

Differences in parasitization of an in- 
sect species on different host plants in the 
same locality or on the same plant species 
in different localities may, in some cases, 
therefore, be attributable to abortive de- 
velopment of the parasite, induced by the 
food obtained by the host insect from the 














other than citrus was necessary because — host plant.—8-1-42. 
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Parasites of the Filbert Worm’ 


S. M. Donantan,? U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


Since 1937 an investigation of the filbert 
worm, Melissopus latiferreanus (Wlsm.),' 
has been under way at the Bureau of En- 
tomology and Plant Quarantine laboratory 
at Eugene, Oregon. A preliminary paper 
on the problem (Dohanian 1940) included 
brief mention of six parasites of this insect 
which had been reared. Further informa- 
tion on these species has been accumu- 
lated and 13 additional species have since 
been reared.* 

No attempt has been made to study any 
of the parasite species in detail, since the 
work has necessarily been concentrated on 
the host. However, as the parasites ap- 
peared, notes were made concerning them 
under various conditions and = circum- 
stances. The accumulation of these frag- 
mentary notes has furnished considerable 
information relative to the distribution, 
life history, and economic importance of 
most of the species. 

For the purpose of these investigations 
collections from the common food plants 
of the filbert worm were made in the west- 
ern portions of Washington and Oregon 
during the period 1938-41 and in the 
western half of California in 1938 and 
1939. In addition to filberts, Corylus 
avellana, the following were collected in 
large numbers for study: Hazelnuts, 
Corylus americana and (C. cornuta; acorns, 
(Juercus spp.; galls formed by Andricus 
californicus (Bassett) on the branches and 
twigs of (. garryana; galls formed on the 
leaves of this oak hy ( ynips maculi pennis 
Gillette); and the fruit of the Catalina 
cherry, Prunus lyonii Sargent. 

SEASONAL History oF THE FILBERT 
Worm. The discussion of the parasites 
may be aided by a brief résumé of the life 
history of their host. The filbert worm 

! Pacific Slope Branch Program, Salt Lake City, 1942 

? The author acknowledges his indebtedness to Robert M. 
Fouts for assistance in rearing the parasites discussed in this 
paper. 

*Order Lepidoptera, familys 
pyresiinae 

* The author expresses appreciation to the following members 
of the Bureau of Entomology and Plant Quarantine for determi 
nation of parasite specimens and descriptions of species found to 
be new: C. F. W. Muesebeck (Braconidae, Bethylidae), R. A 
Cushman (Ichneumonidae), A. B. Gahan (Trichogrammidac 
Eulophidae), and D. G. Hall (Tachinidae). He gratefully 
acknowledges field-collected material from G . 
Woodhams, Commissioner of Agriculture, San Bernardino, 
Calif., and A. A. Conrad, Santa Catalina Island, Calif.; and from 


E. J. Newcomer and Perez Simmons, of the Bureau of Entomol- 
ogy and Plant Quarantine. 


Olethreutidae, subfamily Las 


received 


hibernates as a full-grown larva. The time 
of emergence of the adults varies with the 
food plant, but in general moths may be 
found in the field from June 25 to August 
15, and during this period the eggs may 
be seen on the foliage or on the fruit of the 
food plants. The eggs hatch about 8 days 
after deposition. As soon as the newly 
hatched larva can locate the host fruit, it 
bores into the fruit and develops rapidly. 
In about 3 weeks the worm is fully fed and 
ready for hibernation. It forms a flimsy, 
thin cocoon when hibernation takes place 
within the nut or other food, but a tough 
and impervious cocoon when hibernation 
occurs in the ground, usually within the 
first inch of soil. There is normally but one 
generation a year in the Pacific North- 
west, whereas two generations are indi- 
cated in the southern half of California. 

Parasites Rearep Durine THE Stupy. 

Nineteen species of parasites have ap- 
peared in the material reared at the 
Eugene laboratory during the past 4 sea- 
sons (Table 1). Of these, 13 species were 
definitely parasitic on the filbert worm. 
The host relationship of the remaining 
species has not been definitely ascertained, 
but the evidence obtained regarding the 
insects present in numerous collections of 
the common food plants of the filbert 
worm from the entire West Coast sup- 
ports the belief that all the parasitic forms 
listed were attacking and developing on 
Melissopus latiferreanus. Five families of 
Hymenoptera and one of Diptera are 
represented. 

Bassus nucicola.— This is the 
several new species Muesebeck 1940) dis- 


one of 


covered during the investigations at the 
Eugene laboratory. Although thousands 
of representatives of the known common 
food plants of the filbert worm have been 
retained for study at the laboratory, 
Bassus nucicola has been reared only from 
filbert worms infesting acorns and the 
galls formed by Andricus. More than 200 
specimens of the parasite have issued from 
such material collected in the territory be- 
tween the Columbia River in Oregon and 
San Luis Obispo County in California, at 
elevations ranging up to 2,100 feet above 
sea level. 
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The records obtained during 1938 to 40 
indicate strongly that this parasite is 
efficient in keeping the numbers of filbert 
worms in acorns and Andricus galls at a 
minimum. In 10 of the 18 collections of 
host material producing Bassus nucicola 
parasitization ranged from 10 to 87 per 
cent. This species is particularly effec- 
tive in attacking filbert worms infesting 
Andricus galls. 
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Bassus laticinctus.—One adult of this 
species emerged on July 31, 1939, from a 
lot of 175 hazelnuts collected at South 
Tacoma, Wash., a week earlier. At the 
end of the season the nuts were cracked 
and it was found that 3 were infested by 
the filbert worm, 2 had no kernels in 
them, and 170 were not infested. 

Macrocentrus ancylivorus.—It is be- 
lieved that the rearing of Macrocentrus 


Table 1.—Parasites reared from the filbert worm, or material infested by it, Eugene, Oregon. 





FAMILY SPECIES 


Braconidae Bassus nucicola Mues. 


Bassus laticinctus (Cress 


Macrocentrus ancylivorus Roh. 


Orgilu $n. sp. 


Phanerotoma tibialis Hald. 


Aenoplex car poca psae ( ‘ush 


Ichneumonidae 
Angitia sp. 


Callie phialte 8 nucicola ( ‘ush 


Lissonota inconstans Cush. 


REARED FROM MATERIAL IN 
Acorn, Andricus gall 
Hazelnut 
Acorn 
Acorn 
Acorn, Cynips gall 
Cocoon in soil 
Acorn, Cynips gall 
Filbert, Catalina cherry, Andricus 
gall, acorn, Cynips gall. hazelnut 
Filbert, Catalina cherry, walnut, 
acorn, hazelnut 


Gly pta rufiscutellaris Cress. Hazelnut 

Trichogrammidae Trichogramma minutum Riley 

g ) 
Kulophidae Elachertus (Hyssopus) evetriae Gir. Filbert 
| | 

Bethylidae Goniozus n. sp.' Cynips gall 
Perisierola graciicorn is Kief.! Hazelnut 
Perisierola sp.’ Hazelnut 


Perisierola n sp 
Tac hinidae 
Phoroce ra erecta 


Plecto} s sp.! 


Coq 


Anachaetopsis tortricis (Coq.) 


Cynips gall 

Filbert, acorn 

Filbert 

Cynips gall, Andricus gall 





Not definitely reared from Melissopus latiferr 


Bassus nucicola is a solitary parasite 
and overwinters within the host larva. 
There may be either one or two genera- 
tions a year. The adults of the overwinter- 
ing generation issue in April or May, an 
indication of the need of an alternate host. 
Those of the summer generation emerge 
during July, August, and September, and 
occasionally in June and October. The life 
cvele, egg to adult, of overwintering indi- 
viduals may range from 9 to 13 months, 
including those with only one generation 
a vear, while that of the summer genera- 
tion may be from 6 to 16 weeks. Six 
Bassus larvae of the summer generation, 
seen issuing from Melissopus larvae, ap- 
proximated 9 weeks for the life cycle, 
which is about the average for that gen- 
eration. The parasite larva spins its 
cocoon on the day of issuance from its 
host, the adult emerging therefrom 14 to 
21 days later. On an average 18 days are 
spent within the cocoon. 


ancylivorus from Melissopus latiferreanus 
is the first record of the natural appear- 
ance of the species on the West Coast. 
Unlike the other more common parasites 
of the filbert worm, M. ancylivorus con- 
fines its activity almost exclusively to its 
host infesting acorns. It has been reared 
from infested acorns from 10 localities in 
western Oregon and from Del Norte 
County in California. Only one specimen 
has been reared from food plants of the 
filbert worm other than acorns, and that 
was a female emerging on June 1, 1941, 
from infested Catalina cherries from 
Hope, Santa Barbara County, Calif. R. A. 
Cushman, of the Bureau of Entomology 
and Plant Quarantine, identified this 


specimen as M. ancylivorus. 

It is noteworthy, judging from the 
evidence furnished by these rearings, that 
this solitary parasite appears to be more 
effective at the higher altitudes. With only 
one exception, the highest parasitization 
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by Macrocentrus ancylivorus in collections 
of acorns made at elevations under 1,000 
feet was 6 per cent or less, whereas in four 
collections of infested acorns from locali- 
ties ranging from 1,100 to 2,750 feet above 
sea level parasitization by this species was 
7, 28, 33, and 50 per cent. 

From food-plant material of the filbert 
worm collected in July and prior to the 
middle of August, adults of Macrocentrus 
ancylivorus emerged in August and Sep- 
tember of the same year, whereas from 
collections made subsequent to mid- 
August adults emerged during June of the 
following vear. In 1988, acorns were col- 
lected periodically in northwestern Ore- 
gon, beginning on July 20. Larvae of the 
filbert worm were found infesting those 
collected as early as July 30, but M. ancy- 
lirorus was not found to have successfully 
parasitized the filbert worm larvae in 
acorns collected prior to August 18. These 
observations seem to indicate that the 
summer generations of this parasite in the 
Pacific Northwest must develop on one or 
more hosts other than the filbert worm. 

Records of the sexes showed that 56 per 
cent of 100 adults of Macrocentrus ancy- 
lirorus reared from the field during 3 years 
were females. 

Orgilus, n. sp.—Only two adults of this 
species have been reared, both from 
acorns. One emerged on September 24, 
1939, from acorns collected at Willits, 
Calif., only 6 weeks before that date. The 
other emerged from the cocoon of an iso 
lated filbert worm larva on August 14, 
1941, just 51 weeks after the acorns were 
collected at Myrtle Creek, Oregon. The 
absence of a pupal shell of the host in the 
Melissopus cocoon indicates that this spe 
cies of Orgilus is a larval parasite. C. F. W. 
Muesebeck has advised the writer that 
this Orgilus is a new species. 

Phanerotoma tibialis.—This is a com- 
mon, widely distributed species with an 
apparently wide range of hosts. Thirty- 
six specimens have been reared from the 
material collected in the West Coast 
States in 1939, 1940, and 1941. Phanero- 
toma tibialis has been reared chiefly from 
infested acorns from western Oregon and 
southern Washington, collected at alti- 
tudes up to 2,750 feet and from filbert 
moth larvae infesting galls formed by 
Cynips maculipennis. Perhaps none of the 
parasites discussed in this paper has its 
life cycle better synchronized with that 
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of the filbert worm than P. tibialis. In 
these rearings P. tibialis has had but one 
generation a year, the adults emerging 
from the host late in July or very early in 
August. This is the period during which 
Melissopus latiferreanus larvae are most 
abundant in the field. The parasite over- 
winters as a larva in the hibernating 
larvae of its host, in the cocoon formed 
either in the soil or in the host food. In 
one instance a parasite larva was seen 
issuing from an isolated host larva on 
June 27. It immediately spun a white 
cocoon, and the adult parasite emerged 
therefrom on July 19. The earliest field 
collection of infested material producing 
this parasite was made on July 26. 

Aenopler car pocd psae. One adult of 
this occasional codling moth parasite has 
been reared from the filbert worm. While 
conducting winter mortality studies in a 
filbert orchard at Goshen, Oregon, in the 
early spring of 1941, the writers found 
several hibernating cocoons of the filbert 
worm in the top inch of soil. A few days 
later, on April 4, an adult of lenoplexr 
car poca psae issued from one of the eco- 
Coons. 

Angitia sp. Melissopus latiferreanus 
larvae infesting galls formed by Cynips 
maculipennis at Dundee, Oregon, and 
acorns at Chehalis, Wash., were hosts of 
this parasite. The acorns were colle cted on 
July 24, 1941, and on the following day a 
filbert worm issuing from one of them was 
isolated. Sometime prior to August 26, 
when the adult emerged, the parasitic 
larva had issued from the host larva and 
had formed its cocoon. 

Other specimens were reared on April 
26, 1939, and April 16, 1940, from acorns 
collected the preceding vear at Monmouth 
and Aurora, Oregon. 

It is apparent that the species has more 
than one generation a year, with one or 
possibly more alternate hosts. 

Calliephialtes nucicola.— This species 
has a wide distribution on the West 
Coast, representatives having been reared 
from the larvae of the filbert worm from 
many localities in the territory between 
Tacoma, Wash., and Santa Barbara and 
Santa Catalina Island, Calif. It has been 
reared from all the six common food plants 
of the filbert worm studied at Eugene, but 
is particularly effective in attacking that 
insect infesting galls on oak formed by 
Andricus. In more than half of the 31 
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collections of these galls in the Pacific 
Coast States, in which the parasite was 
found, parasitization exceeded 10— per 
cent, a maximum of 75 per cent being re- 
corded for Springfield, Oregon, in 19389. 
Calliephialtes nucicola has been reared in 
small numbers in the following materials 
infested by Melissopus latiferreanus: 
Acorns from Santa Catalina Island, Calif., 
and the Willamette Valley, Oregon; filbert 
nuts from Oregon; Catalina cherry from 
Santa Barbara, Calif.; Cynips galls from 
western Oregon; and hazelnuts collected 
in Minnehaha, Clark County, Wash. 

The rearing records indicate the exist- 
ence of two generations a year for Calli- 
ephialtes nucicola, although occasionally 
it may have but one. Adults of the sum- 
mer generation emerge from late July to 
early September, whereas those of the 
single-generation strain issue from early 
May to about the middle of July. The life 
cycle of the overwintering generation (egg 
to adult) is from 8 to 12 months, whereas 
the summer generation develops in from 
7 to 12 weeks. In one instance a pupa 
found on August 21, 1941, in a filbert nut 
from Albany, Oregon, transformed to the 
imago on September 4, an indication that 
the insect was at least 14 days in the 
pupal stage. One year earlier five pupae 
of the parasite were found in one .Andricus 
gall from Seappoose, Oregon, when the 
gall was dissected on August 8. Two of the 
pupae, which were held in place by a few 
strands of silk within the cavity eaten out 
by the filbert worm, transformed to adults 
on August 10 and 12. The other three did 
not produce adults and when found had 
been dislodged from their silky support, 
probably during the dissection. Before 
transformation the larva spins just enough 
silk strands to hold the pupa firmly in 
place and thus to facilitate the emergence 
of the adult. The structure has the general 
form of a cocoon, but it lacks sufficient 
texture to be classified as such. Larval 
head capsules of Melissopus latiferreanus 
were present in each of the cells containing 
the “Coce Ons” of i nucicola, an indicat ion 
that this solitary parasite emerges from 
the larva of its host. 

The sexes were recorded for 58 of 123 
adults of Callie phialtes nucicola reared 
from field-collected material and 64 per 
cent were females. 

Lissonota inconstans.—This is another 
of the new species (Cushman 1940) dis- 
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covered in the investigations conducted at 
Kugene. This parasite has been found 
along the West Coast from the Columbia 
River to southern California. It has been 
reared from the larvae of Melissopus lati- 
ferreanus infesting  filberts, walnuts, 
acorns, and hazelnuts from Oregon as well 
as Catalina cherry growing in Santa Bar- 
bara County, and acorns from Fresno 
County, Calif. This parasite has not been 
reared from filbert worm larvae infesting 
Catalina cherries collected on Santa Cata- 
lina Island, to which island the plant is 
indigenous. 

Material infested by the filbert worm 
collected in the field during the period 
from June to early October has produced 
adults of Lissonota inconstans almost in- 
variably only during the month of March 
of the following year. Since no filbert 
worm larvae are available for attack dur- 
ing the 4 months following emergence of 
the parasites, except those hibernating in 
their cocoons in the ground, obviously 
this species must have one or more earlier 
generations on one or more alternate hosts. 

Lissonota inconstans has been recovered 
from Melissopus latiferreanus in greater 
numbers than any of the other parasites 
discussed in this paper. It has been found 
almost as abundantly at altitudes of 2,000 
feet as near sea level. According to the 
records, L. inconstans seems to prefer as 
hosts filbert worms in Catalina cherry, 
acorns, filberts, hazelnuts, and walnuts, 
in the order given. The proportion of sexes 
in the field, as noted in 198 cases, was 31 
per cent males to 69 per cent females. 

Lissonota inconstans is subject to hyper- 
parasitism, especially in southwestern 
Oregon. The severest recorded loss oc- 
curred in a collection of material from 
Talent, Oregon, made on August 12, 1940, 
at an elevation of 1,629 feet. This lot, of 
548 acorns, was infested by 100 filbert 
worms, 17 of which were successfully para- 
sitized by L. inconstans and 6 by another 
parasite. From the 17 Lissonota cocoons 
there emerged 11 adults of that species 
and 6 adults of Perilampus fulvicornis 
Ashm. The immature stage of Perilampus 
was visible within one end of the thin, 
glabrous, transparent cocoon of its host 
for some time prior to the emergence of 
the adult. It occupied about one-third to 
one-half of the space, whereas the normal 
Lissonota larva (or pupa) completely fills 
its cocoon. 
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Glypta rufiscutellaris.—Seven adults of 
this species of Glypta, a valuable parasite 
of the oriental fruit moth in the eastern 
part of the United States, have been 
reared from Melissopus larvae infesting 
hazelnuts collected at Willits, Calif., in 
the Willamette Valley, Oregon, and in 
western Washington. 

Trichogramma_ = minutum.—This 
mon cosmopolitan species was first reared 
from eggs of Melissopus latiferreanus in 
1937 by B. G. Thompson (1938), of the 
Oregon Agricultural Experiment Station, 
and was found in filbert worm eggs by 
the writer in the summer of 1940 in the 
Eugene area. Its effectiveness on this pest 
in the upper Willamette Valley has not 
exceeded 15 per cent in the last 5 years. 
In Eugene in the summer of 1940 the life 
cycle of Trichogramma minutum, from egg 
to adult, required 9 to 12 days, only one 
adult developing in each filbert moth egg. 

Elachertus' evetriae.—N ine larvae of this 
gregarious form issued on August 9, 
1938, from one larva of Melissopus lati- 
ferreanus infesting a filbert nut, collected 
in Eugene on the morning of the same day. 
All nine larvae pupated on August 13, 
and all transformed into adults 2 weeks 
later, again on the same day, on August 
27. The wasps paid no attention to any 
of the several filbert worms exposed to 
them for attack from time to time in the 
4-inch glass vial in which they were kept 
and fed until the last wasp died. 

Although during the ensuing 3 years 
several thousand filbert worms infesting 
filberts, acorns, galls, and hazelnuts have 
been isolated and watched, E. evetriae has 
not been reared again. 

Goniozus, nh. Sp. This species has been 
reared from galls of Cynips maculipennis 
formed on the leaves of Quercus garryana, 
collected in several parts of the Willam- 
ette Valley in western Oregon. Appar- 
ently it has a very short developmental 
period. One lot of galls, collected in Eu- 
gene on August 14, 1940, shortly after 
formation of the galls and while they had 
barely time to be infested by the filbert 
worm, produced three adults of Goniozus 
on August 26 and 28, 1940. C. F. W. 
Muesebeck has advised the writer that 
this is a new species of Goniozus.? 

Perisierola gracilicornis.—A_ collection 


com- 


1 Hyssopus. 
2A description of this species by Robert M. Fouts is in 
manuscript. 
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of 141 hazelnuts from near Lindsey, Ore- 
gon, on August 29, 1958, produced two 
adults of Perisierola gracilicornis on Sep- 
tember 1, only 3 days after collection, and 
one filbert worm moth, which emerged in 
1939. 

Perisierola sp.—One adult of this spe- 
cies was obtained on August 26, 1941, 
from hazelnuts collected in Orchards, 
Wash., the previous week. 

Perisierola, n. sp.—Thirty-five Cynips 
galls were collected at Satus Creek, Ya- 
kima County, Wash., on September 5, 
1941. According to C. F. W. Muesebeck, 
the three parasite adults issuing from this 
lot are apparently an undescribed species 
of Perisierola. It is a gregarious species, 
as many as five individuals developing in 
one host larva. 

Anachaetopsis tortricis..-The records 
show that this dipterous species is a soli- 
tary primary parasite of Melissopus lati- 


ferreanus infesting acorns and filbert nuts. 


It has been reared from acorns collected 
in Yakima County, Wash., and directly 
from filbert worms from Lane and Jackson 
Counties, Oregon, at elevations extending 
to 2,750 feet above sea level. 

This species normally overwinters in the 
larva and emerges from the pupa of its 
host. However, a specimen from Yakima 
emerged on August 17, 4 weeks after the 
infested acorns were collected, at which 
time Melissopus latiferreanus is normally 
in the larval stage, indicating that the fly 
may have more than one generation in a 


vear. 
Phorocera erecta.—While cracking some 
infested filbert nuts from Springfield, 


Oregon, on August 20, 1988, the writer 
found a small dipterous puparium in one 
nut with a broken lepidopterous pupa. 
Undoubtedly the lepidopterous pupa was 
that of Melissopus latiferreanus, since the 
several thousand moths obtained from 
filberts have all been of that species. The 
small tachinid fly issuing from the pu- 
parium was identified as Phorocera sp. by 
D. G. Hall, who made the following com- 
ment: “This specimen runs to Phorocera 
erecta Coq. in Aldrich & Webber (1924), 
and agrees fairly well with the description 
and the type.” Since P’. erecta has a coast- 
to-coast distribution, and has definitely 
been previously recovered from Washing- 
ton, Idaho, and California (Aldrich & 
Webber 1924), it seems likely that this fly 
is properly referable to that species. 
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May 12, 1942. The collections of the host 
material were made on July 26, 1940, in 
Dundee and July 30, 1941, in Hillsboro, 
Oregon, respectively.—7-4-42. 


Plectops sp.—One adult of this small 
tachinid issued from Andricus galls on 
May 5, 1941, and two adults were ob- 
tained from Cynips galls on April 25 and 
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The application of direct control meth- 
ods against the mountain pine beetle, 
Dendroctonus monticolae Hopk., in sugar 
pine kills many of the associated beneficial 
insects. Control by peeling and burning, 
or by sun-curing, destroys a high percent- 
age of the coleopterous predators, particu- 
larly of those in the larval stage. Among 
them are the green trogositid Temnochila 
and the red-bellied clerid 
Enoclerus sphegeus (F.) two predators 
which entomologists believe may be im- 
portant natural agents in the control of 
this bark beetle. 

Within recent years certain steps have 
been taken to protect these two predators 
by modifying control practices. The 
stumps of infested overwinter brood trees 
are now left intact, and this allows mi- 
grated larvae of Enoclerus sphegeus to de- 
velop to maturity. The curtailment of 
summer control by the peeling and sun- 
curing method, because it allows many of 
the adult bark beetles to emerge, gives 
larvae of Temnochila better 
chance to complete development. Even 
with these improvements in field practice, 
predators are seldom sufficiently abun- 
dant to have much influence in preventing 
destructive outbreaks of the mountain 
pine beetle. 

The high cost of applying direct control 
methods against the mountain pine beetle 
in sugar pine has led forest entomologists 


rirescens k o} 


virescens a 


working on this problem to continue un- 
ceasingly the search for more effective 
techniques. In the field of biological con- 
trol they have given consideration to 
coleopterous predators, since they are the 
only insect enemies of any importance 
which prey upon the bark beetle broods 
situated beneath the thick bark of the 
sugar pine. The possibilities of the red- 
bellied clerid, Enoclerus sphegeus, have 
been discussed by Béving & Champlain 
(1920), Keen (1928), and Doane et al. 
(1936). Essig (1926), Keen (1928), and 
Person (1940) have discussed the status of 
Temnochila virescens in the control of the 
western pine beetle, Dendroctonus brevi- 
comis Lee. This predator also has high 
possibilities as a controlling agent of the 
mountain pine beetle. 

One widely considered phase in the con- 
trol of the mountain pine beetle has been 
the possibility of artificially rearing pred- 
ators for liberation in the field where out- 
breaks are occurring. Repeated sugges- 
tions have resulted in recent studies to 
determine its feasibility. To rear the pred- 
ators successfully would require the em- 
ployment of specialized equipment and 
technique, allowing for the production of 
large numbers of healthy adults at low 
cost. 

These factors were recognized in setting 
up experiments to determine (1) whether 
healthy adults may be reared in numbers 








from the egg stage, and (2) whether adults 
may be reared at a cost commensurate 
with possible benefits from improved con- 
trol of the mountain pine beetle. 

This paper presents an account of the 
methods employed in propagating Temno- 
ch ila rirescens and Enoclerus sphegeus and 
the adaptability of these two insects to 
laboratory treatment. The practical as- 
pects of many problems encountered in 
laboratory propagation are discussed in 
detail. 

ApuLts aNnp Oviposirion.—Adults of 
Temnochila virescens and Enoclerus sphe- 
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Fic. 1 Laboratory propagation of predators \ 
Oviposition. Mated pairs of adults were placed upon 
blocks of pine bark within petri dishes in prelimi 
nary oviposition tests. Eggs laid in the bark crevices 
were difficult to collect. B. Egg mass deposited be- 
tween overlapping layers of crepe paper spiral. Here 
they were collected easily and placed in incubating 
chambers 


geus to be used in setting up experiments 
were collected in the field from the bark 
crevices of sugar pines being infested by 
Dendroctonus monticolae. Each adult as 
collected was put in a vial kept closed by a 
cotton plug until it was used in oviposition 
experiments. Until enough adults could 
be obtained for a given experiment, those 
collected were kept in storage at 40° F. 
For oviposition tests with either species, 
pairs' of adults were segregated in pint 
jars, each containing a thin layer of saw- 
dust. A spiral of white crepe paper made 
by rolling a triangular piece 3 inches on a 
side from base to the apex was stood on 
end in each jar. This spiral’ served well as 
an oviposition medium when rolled tightly 


The sex characters used are described by Struble & Carpelar 
1941 \ submental pit present only on the males of Temnoch 
r easily differentiates them from the females 

The sex of Enoclerus sphegeus may be distinguished b 
urvature of the posterior margin of the fifth sternite, which is 


broader in the female than in the mak 
In preliminary tests small blocks of fresh bark placed ir 


petri dishes ig. 1, A) were used as oviposition substrata W hile 
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to quarter-inch diameter. Eggs were de- 
posited readily between the overlapping 
layers and could be observed by holding 
the roll between the eye and a source of 
light. The eggs were collected at weekly 
intervals by unrolling the spiral (Fig. 1, 
B) and clipping off the part containing 
them. They were then placed in petri 
dishes and left there during the incubating 
period. Living adults of Dendroctonus 
monticolae were supplied once each week 
as food for the ovipositing predators. For 
experimental purposes 50 mated pairs of 
predator adults were ample to provide 
enough eggs with which to test methods of 
rearing the insects to the adult stage. 

Larvak.—As the predator larvae 
hatched from the eggs they were removed 
from the petri dishes by means of a 
camel’s-hair brush and put in l-dram ho- 
meopathic vials. Only one larva could be 
placed in a container because both species 
exhibit a high degree of cannibalism. The 
vials were left open to provide ample ven- 
tilation. A thin layer of dry sawdust on 
the bottom of each vial served well as a 
substratum for the larvae to wander in 
and search for their prey, which consisted 
of one mature scolytid larva every 2 
days. In experiments to test the develop- 
ment on substitute hosts the same pro 
cedure was followed. Each larva was thus 
reared separately in all experiments. 

SouRCE OF HTHlost Foop. The Den 
droctonus larvae used as host food were 
reared in green ponderosa pine logs en- 
closed in screen rearing cages. A continu- 
ous supply of these larvae was maintained 
during the course of the laboratory rear- 
ing tests by setting up a fresh group of 
logs every 3 weeks and inducing attacks 
on them by liberating 15 adults of D. 
monticolae per square foot of bark area. 
The adults were reared from logs cut from 
infested sugar pines in the field. Surplus 
adults were kept in cold storage until 
needed. 

Substitute hosts? were reared in the 


these served well to stimulate the egg productiort t was tin 
difficult to collect the eggs without crushing the Furthermore 
the time required in setting up bark blocks and it ecting the 
eggs was much longer than that required whe ed crepe paper 
was used. The crepe paper was found full is suitable for the 
purpose 

Larvae tried as substitutes for the usua sts of Enoaclerus 
phegeus and Temnochila virescens were the greenbottle fly 
Lu i sericata (Meig Mediterranean fk not Eph ria 

hniella Zell.: Indian meal moth, Plod snct Hbn 
vaxworm, G r melior 1 I ; potato tuber 1 ti (snor 

schema operculella (Zell.); granary wee Riaenl 
I confused flour beetle, Tri/ f Ia Du nd 
saw-toothed grain beetle, Oryzaephilu . | 
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laboratory in containers or cages of a type 
best adapted to the needs of the species 
concerned. For example, grain insects were 
reared in glass containers provided with a 
medium of bran, fly larvae were reared on 
fish heads in sereen cages, and potato 
tuber moth larvae were reared on potatoes 
in battery jars. 

DEVELOPMENT ON SuBSTITUTE Hosts. 

Repeated tests of substitute hosts for 
rearing larvae of Enoclerus sphegeus re- 
sulted in complete failure. This predator 
would feed on none of them, regardless of 
the stage of development. For this reason 
FE. sphegeus was eliminated from further 
testing except on certain of its natural 
hosts. 

Temnochila virescens was found much 
more adaptable in its choice of food, and 
apparently normal development occurred 
on several substitute hosts. In all cases, 
however, the predator larvae would at- 
tack only host larvae in the active living 
state. Motionless or dead insects, or other 
immobile foods, such as raw meat, would 
not attract them. Consequently continu- 
ous supplies of living host larvae were 
necessary at all times to provide adequate 
food for this predator. 

The environments in which these sub- 
stitute hosts were reared were not satis- 
factory for rearing the predator larvae. 
For this reason it was necessary to trans- 
fer the host larvae from their respective 
media when they were offered to the pred- 
ators. 

The development of Temnochila vires- 
cens on substitute hosts was most success- 
fully accomplished on the larvae of Lucilia 
sericata, The predator larvae were easily 
reared to normal-appearing adults after 
they had been carried beyond the first in- 
star. A large percentage of the larvae in 
the youngest stage of development died, 
probably from starvation, apparently be- 
cause of their inability to bite through the 
tough integuments of the fly larvae. Re- 
peated attempts to rear newly hatched T. 
rirescens larvae on this host resulted in 
mortalities ranging from 80 to 90 per cent 
within 2 weeks. The survivors, however, 
always advanced rapidly and grew into 
large, healthy-appearing adults. 

With other substitute hosts, the de- 
velopment was most promising on the 
potato tuber moth, the waxworm, and the 
Mediterranean flour moth, but none of 
these gave results comparable with those 
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obtained when larvae of Lucilia sericata 
were used. They were found to be con- 
siderably more difficult to rear than the fly 
within the short period necessary to pro- 
vide continuous host food. The matted 
condition of rearing media, due to web- 
being in most cases, created a difficulty in 
collecting the larvae. Even though potato 
tuber moth larvae did not produce webs, 
they could not be collected easily. 
DEVELOPMENT ON Natura Hosts. 

The use of scolytid host food greatly im- 
proved the chances of increasing predator 
populations by laboratory rearing meth- 


Table 1.—Time required for laboratory propa- 
gation of 1,000 Temnochila virscens on larvae of 
Dendroctonus monticolae. 





Man- 
OPERATION Hours 


Establishing 50 pairs of adults for oviposition 2 


Preparing paper spirals for oviposition 2 
Collecting and feeding D. monticolae adults 
to ovipositing predators 6 
Collecting predator eggs 15 
Establishing newly hatched larvae in vials 10 
Rearing host larvae in logs 30 
Rearing D. monticolae adults 15 
Collecting D. monticolae larvae and feeding 
to predators every 3 days 100 
Observations and mortality checks 20 
Total man-hours 200 





ods. Ips confusus (Lec.), Dendroctonus 
ralens Lec., D. brevicomis, and D. monti- 
colae were used with equal success as food, 
but of these four species D. monticolae was 
much easier to rear in numbers in green 
logs. Furthermore, the larvae could be 
collected easily and they were large 
enough to serve adequately as host food. 

The response of Enoclerus sphegeus to 
laboratory propagation by use of these 
hosts, while much more favorable than 
with substitute hosts, was still insufficient 
to warrant continued experiments on 
laboratory propagation of this insect. For 
example, out of 537 larvae hatched in the 
summer of 1988 only 174, or 32 per cent, 
reached the adult stage. Many of these 
were deformed and all were undersized, 
probably because this insect was unable 
to become adapted to the artificial en- 
vironment. 

Temnochila virescens larvae were much 
more responsive to laboratory rearing 
methods, and they developed into healthy- 
appearing adults. Out of 1,084 larvae 
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hatched in the summer of 1938, and reared 
on Dendroctonus monticolae, 872, or 80 per 
cent, reached the adult stage, and all were 
fully formed. 

Cost or LABORATORY PROPAGATION 
The time required to rear Temnochila 
rirescens' from egg to adult in the labora- 
tory, using Dendroctonus monticolae 
host food, is necessarily divided among 
several operations according to the tech- 
niques developed. Table 1 shows the time 
required for each operation in rearing 
1,000 individuals. 

On the basis of the time in table 1 and a 
rate of 50 cents per hour, the cost of labor 
in rearing 1,000 Temnochila virescens on 
Dendroctonus monticolae larvae would 
amount to $100. With an additional $25 
allowed for equipment and materials, $125 
would be the cost of rearing 1,000 adults. 
Although mass production and greater 


as 


improvements in methods of rearing 
through use of substitute hosts may 


greatly reduce this figure, it may still be 
much too high to be practical. The main 
reason for this is the necessity of handling 
each predator larva separately. 
ConcLusions.— Experiments have dem- 
onstrated that Temnochila virescens and 
Enoclerus sphegeus may be reared under 
artificial conditions from egg to adult in 
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the laboratory. The methods used were 
highly successful in rearing T. virescens, 
but did not prove satisfactory for EF. 
sphegeus because of the failure of this 
predator to become adapted to an artifi- 
cial environment. 

The use of a suitable substitute host 
that can be reared in large numbers at 
low cost is desirable for quantity produe- 
tion of these predators in the laboratory. 
Although larvae of Lucilia sericata showed 
considerable promise as food for larvae 
of Temnochila which had ad- 
vanced beyond the first instar, this host 
was not satisfactory for the youngest 
stage. Modifications of procedure at this 
point, possibly by the use of larvae of 
another fly having a softer integument, 
such as Drosophila, might soly c this prob- 
lem. 

The cost of rearing these predators by 
use of their native hosts as food is much 
too high for practical purposes. Further- 
more, the set-up of logs in which to rear 
the host is too cumbersome and is wasteful 
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of green timber. 

The benefits to be derived hy rearing 
great numbers of these predators are too 
uncertain to justify high rearing costs. 
Unless methods can be developed which 
will overcome these objections, there is 
little hope of increasing the beneficial ef- 
fect of these predators beyond that of 


Since Enoclerus sphegeus failed t pond rt 
ficial rearing conditions, the cost of producir . . ~ 
significance. protecting them in nature. 7-12-42. 
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“Stanley J. Carpenter, Entomologist in the Sani- 
tary Corps, who recently returned from a special 
assignment in connection with the malaria problem 
in the Middle East was promoted to the grade of 
Major in November. Major Carpenter is now on 
duty in the Entomology Section of the Fourth Servy- 
ice Command Laboratory, Fort McPherson, Ga.” 

















The Measurement of the Effect of Entomophagous Insects on 
Population Densities of Their Hosts’ 


Harry S. Smrru and Paut De Bacu, University of California Citrus Experiment Station, Riverside 


Workers in the field of biological control 
are sometimes reproached for failing to 
present statistical evidence in support of 
their claims. Critics contend, quite justi- 
fiably, that a reduction in the population 
of an insect host, following the establish- 
ment of one or more of its insect enemies, 
is not necessarily proof that the enemy 
was the cause of the reduction. Failure to 
present convincing evidence in support of 
conclusions with reference to parasite in- 
troduction is not, however, an indication 
of lack of appreciation of the desirability 
of some method of measuring, statisti- 
cally, the effect of parasites or predators 
on their host populations. It is rather an 
indication of the difficulties inherent in 
the problem itself, difficulties far greater 
than those ordinarily encountered in re- 
search in other fields of economic entomol- 
ogy, such as toxicology. 

In insecticidal investigations, treated 
plots are ordinarily compared with un- 
treated plots, or with plots in which stand- 
ard treatments have been applied, and the 
differences in results are attributed to the 
treatments. Developments are followed 
through the season, and it is thus possible, 
not only to determine the relative effects 
of different treatments, but to determine 
also whether any of them produce satis- 
factory results. 

In biological control, however, it has 
not ordinarily been possible to adopt this 
procedure, for the reason that the check 
plots are almost immediately invaded by 
the introduced enemies. This difficulty 
cannot be satisfactorily circumvented by 
utilizing check plots at long distances from 
the test plots. It takes several years—at 
least three or more—for an introduced 
parasite or predator to reduce the num- 
hers of its host and demonstrate its capac- 
itv to keep the host population at an eco- 
nomically low figure. During a period of 
three vears, an effective entomophagous 
species may disperse over a long distance, 
often a hundred miles or more. But if 
check plots are separated from test plots 
by great distances, the reliability of the 
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comparisons is very properly questioned, 
because such distances may be associated 
with considerable differences in weather or 
other environmental factors. It may there 
fore be extremely difficult to be certain of 
the cause of the observed differences. The 
effect of parasites such as Trichogramma or 
Comperiella, which disperse very slowly, 
can probably be measured fairly satisfac- 
torily by the use of check plots, but such 
parasites are exceptional; and it appears 
that, generally speaking, only those spe- 
cies having a capacity for fairly rapid dis- 
persal are really effective control agencies. 

Test plots and check plots, as ordinarily 
used in economic entomology, seem then 
not to be feasible for measuring the effect 
of parasite introduction on the population 
density of the host insect. It is certain 
that, in time, methods of collecting and 
analyzing field data will be developed, by 
means of which the quantitative effect of a 
parasite population on the population 
density of the host can be measured with 
reasonable accuracy. It is believed that 
this can be done without the necessity of 
maintaining, in the experiment, differen- 
tial plots distinguished by the presence 
and absence of the parasites. That is to 
say, by studying the oscillations, fluctua- 
tions, and other population changes and 
correlating them with the various causes 
of variation in mortality and in fecundity, 
we may learn how to evaluate the epide- 
miological effect of enemies or diseases of 
anorganism. The difficulty in the develop- 
ment of such a method lies in the multi- 
plicity of factors and the complexity of 
their interrelations. Some factors, for ex- 
ample, are density-dependent and others 
are density-independent. Some produce 
their effect almost immediately; others, 
only after a considerable lag. The effect of 
some is superimposed on the effect of oth- 
ers. Mortality resulting from one factor 
often overlaps that from another. There 
remains, also, the general difficulty of de- 
veloping population-sampling techniques 
which satisfy the statistical requirements. 
We believe thoroughly that this can and 
will be done, but that its consummation is 
largely in the future, 


5S 45 








846 


Proof is an intangible thing. The num- 
ber of times that event B must be observed 
to follow event before the conclusion 
that A caused B is justified, is arbitrary 
and differs with different conditions and 
with different persons. Repeated observa- 
tions merely increase the probability that 
the conclusions are in accord with the 
facts. A single observation that the popu- 
lation of the cottony cushion scale, /cerya 
purchasi Mask. dropped after the intro- 
duction of vedalia, Rodolia cardinalis 
{Muls.|, would not, in itself, have been 
very convincing to those entomologists 
who had observed that the populations of 
the scale rose and fell before the introduc- 
tion of vedalia. But when it was observed 
that, in many different parts of the world, 
the scale population invariably dropped 
and remained at a low level after the es- 
tablishment of vedalia, most entomolo- 
gists were satisfied to accept this as proof 
that vedalia determined the population 
level of its host. This conclusion was not 
reached, of course, without the knowledge 
that vedalia fed voraciously on the cot- 
tony cushion scale, and that reductions in 
populations of the prey were associated 
with ample evidence of destruction by 
vedalia. Perhaps the most convincing 
evidence of all, however, was the demon- 
stration that on trees where vedalia was 
excluded, the host became extremely 
abundant, whereas on trees to which 
vedalia had access, the scale population 
remained at a low level. 

SUGGESTIONS FOR MEASUREMENT OF 
BroLtocicaL Controu.—Pending the de- 
velopment of more satisfactory quantita- 
tive methods of population analysis, it 
would seem reasonable to expect those 
who are engaged in_ biological-control 
research to submit evidence of the fol- 
lowing kinds: 

(1) Gross data showing that, generally 
speaking, as the entomophagous species 
spread from place to place, its establish- 
ment was followed, in each limited area 
and within a reasonable period of time, by 
an appreciable reduction in the host popu- 
lation. 

(2) Gross data showing that, after the 
general establishment of the entomopha- 
gous species, the host population remained 
at a much lower level, on the average, 
than before such establishment. 

(3) Detailed, or more exact, data show- 
ing decidedly higher survival of the host 
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when protected from attack by the ento- 
mophagous species than when exposed to 
attack. 

Evidence of the first and second kinds 
is not inherently difficult to obtain. An or- 
ganization having a large number of men 
in the field, or having access to the records 
of such a group, should have little diffi- 
culty in fulfilling these requirements. By 
“gross data” is meant ordinary field esti- 
mates, not the more exact data secured 
after having worked out accurate sam- 
pling requirements for a particular set of 
conditions. Gross data are not difficult to 
secure in the citrus industry in California, 
since each county maintains a large force 
of well-trained, experienced inspectors, 
whose business it is to grade each citrus 
orchard annually for various pests. This 
grading is based, not on removing sam- 
ples from the trees for accurate counting, 
but on the examination, on the tree, of a 
certain number of units, including twigs, 
leaves, and fruit, trees being selected in 
such a way that the samples are reasona- 
bly representative of the entire grove. 
Valuable information may also be secured 
from field entomologists employed by 
growers’ organizations and from pest-con- 
trol operators. 

There are, however, many other ways 
to obtain a rough measure of the abun- 
dance of an pest. Packing-house 
records are sometimes useful, 
percentage of fruit of certain grades often 
reflects fairly accurately the abundance of 
certain pests. In some cases even crop 
yield may give reliable information. Some- 
times a general change in the status of a 
pest is indicated by the insecticide sales, 
although this information is not always 
easy to secure. 

The exact type of gross data best suited 
to this purpose will depend on the particu- 
lar problems involved, and no general rec- 
ommendation made, except to 
emphasize the importance of data which 
are representative of the general situation. 
Since this makes it necessary to consider 
large areas, minute variations must be ig- 
nored in the interest of general reliability. 
It is recognized that with any insect popu- 
lation, variations in density occur from 
time to time and place to place, bearing 
little or no relation to the general popula- 
tion level; unless ignored, these only con- 
fuse the picture. 

With such gross data, it should be possi- 
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ble to record, in general terms, the extent 
to which a lowering of the population den- 
sity of the pest follows the gradual disper- 
sal of the enemies into new territory. It 
should also be possible to record the differ- 
ential between the population density of 
the pest before the introduction of ene- 
mies and after their general establishment 
throughout the infested area. 

If these studies indicate that, as the en- 
emies spread to new areas, the pest den- 
sity has almost invariably dropped = in 
those areas, and that, after general dis- 
persal of the enemy, the pest in most of 
the areas has reached and maintained a 
level appreciably lower than that existing 
previous to the establishment of the en- 
emy, there is considerable justification for 
the conclusion that successful biological 
control has taken place. But there is al- 
ways a possibility, no matter how remote, 
that the lowering of the population den- 
sity of the pest after the establishment of 
the enemy, was only a coincidence; that 
some other factor, such as a weather cycle, 
a change in cultural methods, or a disease 
epidemic, took place synchronously with 
the establishment of the enemy; and that, 
in reality, the enemy had little or nothing 
to do with the change in status of the pest. 
Arguments based on such contentions are 
often advanced by those who oppose the 
idea of biological control, and, unless it 
can he shown that the presence of the par- 
asite or predator actually materially re- 
duces the survival of the host population, 
it must be admitted that there is always 
some basis, however farfetched, for such 
arguments. This is because the destruc- 
tion of large numbers of the host, or a 
large percentage of the host population, 
by an insect enemy does not nece ssarily af- 
fect the net survival of the host popula- 
tion. The insect enemy may simply replace 
some other cause of mortality without ma- 
terially influencing the numbers of host in- 
dividuals that surrive. 

What is really needed, therefore, to 
make conclusions with reference to the 
practical effect of introduced entomopha- 
gous insects more convincing, is the devel- 
opment of a technique whereby the effect 
of the entomophagous species on the den- 
sity of its host population can be satisfac- 
torily measured. 

MEASUREMENT OF THE EFFECT OF A 
Parasite Species ON PopuLATIONS OF 
Brack ScaLte.—Recently, an attempt has 


been made to develop a technique for 
studying the effect of introduced parasites 
on the survival of populations of black 
scale (Saissetia oleae |Bern.|). The method 
is still in the experimental state but inter- 
esting results have been obtained by its 
use and it is presented at this time in the 
hope that it may suggest to others who are 
interested in biological control an ap- 
proach which may be of value in the inter- 
pretation of their work. 





Fic. 1. Organdie sleeves, open and closed, used in 
measuring the effect of parasites on populations of 


black seale. 


Briefly, the method consists of the ex- 
cluding of the parasites from hosts on cer- 
tain branches of the host plant, while per- 
mitting them to have access to hosts on 
other branches in the immediate vicinity. 
By the use of organdie sleeves, such as 
those shown in figure 1, it is possible to 
accomplish this and thus to compare the 
survival of host populations on the same 
tree, in the presence and absence of the 
parasites. 

Selected branches of citrus trees were 
treated with an insecticide, so as to de- 
stroy all parasites that might be present. 
Sleeves were then placed on_ these 
branches, the branches were stocked with 
newly hatched black-scale crawlers in 
numbers roughly comparable to what 
would have existed normally, and the 
sleeves were closed. After the crawlers had 
become well established, one of the two 
sleeves on each of the five trees in each 
test was opened at the end (Fig. 1), so that 
parasites could have access to the scales; 
the other sleeve on each tree was left 
closed throughout the experiment, to ex- 
clude the parasites. 

The scales on ten leaves and ten 5-inch 
twigs in each sleeve were counted at ap- 
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proximately monthly intervals (Figs. 2 
and 3). The total number of live insects in 
the five sleeves of each of the two catego- 


ries, and the percentage of parasitization in 





Taking census of black-scale population 
enclosed in organdie sleeve. 


the open sleeves, in two widely separated 
localities in southern California, are 
shown in figure 3. 

The only parasite observed attacking 
the black scales in the stages prevalent at 
the time of year indicated (Fig. 3) was the 
recently introduced Metaphycus helvolus 
(Compere). The only parasites present 
were those occurring normally in_ the 
neighborhood, so the differential between 
counts of seales in the closed and open 
sleeves is interpreted as a measure of the 
effect of M. helrolus on the black-scale 
population outside the sleeves. It should 
be emphasized that the line marked “Per 
cent parasitization by M. helrolus” repre- 
sents only the ratio of parasitized scales to 
total scales existing at each of the time in- 
tervals, and does not indicate the percent- 
age of the entire population destroyed by 
M. helvolus. There are two reasons for 
this. First, most of the parasitized scales, 
particularly early in the season, soon fall 
off and are not included in the later counts. 
Secondly, M. helvolus destroys large num 
bers of scales through the feeding of the 
adult parasites; these scales do not, of 
course, appear in the census as parasitized 
scales. The epidemiological effect of the 
parasite is therefore far greater than that 
revealed by the percentage of parasitiza- 
tion (Fig. 3). The relative effect of feeding 
and parasitization and the bearing of these 
findings on conclusions with reference to 
the biological control of the black scale 
have recently been discussed (Smith 1942) 
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and need not be considered here, except as 
they are useful in illustrating the method 
under consideration. 

The gross data available from the ree- 
ords of the county agricultural commis- 
sioners and entomologists of various fruit 
growers’ organizations, which are of un- 
questionable reliability so far as the nu- 
merical status of the black seale is con- 
cerned, show that the pest began to de 
cline in 1940, after the general establish- 
ment of the parasite Metaphycus helvolus 
in 1938. This decline has followed the es- 
tablishment of M. helrolus in all 
except those where, owing to climatic con- 
ditions, the seasonal history of the seale, 
in combination with environmental fae- 
tors, renders it difficult or impossible for 
the parasite to operate efficiently. 

The evidence from this project SCCTIIS 
largely to fulfill the requirements sug- 
gested as desirable before concluding that 


areas 


a successful case of biological control is 
taking place. The gross data show without 
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Fic. 3.—Black-scale survival in closed and open 


sleeves and parasitization in open sleeves, in two 
tests in widely separated localities. Curves represent 
the counts on ten leaves and ten 5-inch twigs in 
five sleeves in each of the two categories. | pper, 
Porter Estate, San Fernando Valle Vy; lower, Limone- 


ira Ranch, Santa Paula 























December 1942 


question that a general decline of the host 
insect followed the establishment of the 
parasite; that the parasite was able to de 
stroy large numbers of the host in the 
field; and, finally (as a result of the exclud- 
ing of the parasites from experimental 
units), that the host survival was greatly 
reduced by the presence of the parasite, 
which indicates that the destruction 
brought about was additional mortality 
and not merely the replacement of one 
cause of mortality by another. 

One possibility that must always be 
kept in mind is that the depression of a 
host population by an enemy may be only 
temporary, the temporary appearance of 
successful control being a result of the in- 
tense destruction of the host, brought on 
by the initially high host density through 
its effect in increasing the numbers of the 
enemy. Even inefficient parasites can pro- 
duce this kind of result; but when the new 
dynamic population level is reached, it 
may still be high. In the specifie case con- 
sidered here, the return of the host popu- 
lation to its former high numerical status 
seems a remote possibility, since this host 
has a high reproductive capacity and, ex- 
cept for the parasite, should have recov- 
ered before this time. 

LIMITATIONS OF THE Metruop.—The 
use of cloth or screen sleeves for the pur- 
pose of excluding the enemies of a pest 
has, of course, several limitations. The 
most important of these ts that the sleeves 
cannot be used during that part of the sea- 
son when dispersal of the host insect would 
naturally take place, since to interfere 
with the natural activities of the insect in 
this way is to cause conditions within the 
sleeves to depart too far from the normal 
conditions outside the sleeves. The pres- 
ent studies with black scale were accord- 
ingly carried on during the period Septem- 
ber to April, inclusive, when there is no 
appreciable dispersal of this insect. 

Another possible objection to the use of 
the sleeves—one that must be given 
weight—is that they modify certain fac- 
tors of the physical environment, particu- 
larly temperature, wind, sunlight, ete. In 
the case under consideration, it is believed 
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that any serious objection of this kind was 
obviated in the following ways. Organdie, 
the most porous cloth obtainable with a 
mesh just small enough to exclude the par- 
asites, was the material selected for use; 
sleeve cages were so positioned on the tree 
as to be shaded from the afternoon sun; 
and finally, in order to avoid any possible 
differential effect between tests and 
checks, sleeves were used for both, the 
only difference being that the test sleeves 
were left open at one end (Fig. 1). 

According to Peterson (1934, p. 10), 
‘“Entomologists in general recognize that 
insects in their development and behavior 
are influenced more decidedly by tempera- 
ture differences and changes than com- 
parable differences and changes in other 
environmental factors. ... R. C. Smith 
has shown that under shade conditions the 
temperatures within several cages closely 
parallel the temperature immediately out- 
side of the cage except in lantern globe 
cages possessing plants and covered with 
cotton gauze.” 

It will not be possible, therefore, in 
every case to use the procedure outlined in 
the present paper. The application of in- 
genuity should, however, result in the de- 
velopment of techniques by means of 
which the differential between presence 
and absence of introduced enemies on the 
survival of their host or prey populations 
within the same area can be measured and 
recorded. Biological control will not re- 
ceive the recognition it merits from ento- 
mologists and ecologists until satisfactory 
methods of measurement of these effects 
are utilized and the results recorded. 

SumMary.—Attention is called to the 
need of methods for measuring the quan- 
titative effect of introduced entomopha- 
gous insects on the survival of their host 
populations. One of the principal obstacles 
has been the difficulty of excluding the in- 
troduced enemies from test plots. An ex- 
periment is described in which this was 
accomplished by the use of sleeves of fine- 
meshed cloth, in such a way that the effect 
of the presence and absence of parasites on 
the survival of their host populations 
could be measured.—8-12-42. 


LITERATURE CITED 


Peterson, Alvah. 1934. A manual of entomological equipment and methods. Part I. Edwards Brothers, 


Inc., Ann Arbor, Mich 


Smith, Harry S. 1942. The biological control of the black scale. California Citrog. 27(10 


266, 290, 291. 











Ants as Predators of Cochliomyia americana C. & P. 


Artuur W. Linpqutist,!' l 
One of the phases of the myiasis in- 
vestigations at Uvalde, Texas, has been a 
study of the fate of mature larvae of 
Cochliomyia americana C. & P. under 
natural conditions. The winter survival of 
the larvae and pupae was studied in Texas 
by Lindquist & Barrett,? who found the 
immature stages unable to withstand pro- 
longed periods with a mean daily air tem- 
perature of approximately 51° F. Simi- 
larly, in Arizona, Deonier* found that a 
mean soil temperature of 51.3° F. pre- 
vented the development of the immature 
stages in the soil. The present study is 
concerned with the predators of the larvae 
and pupae of Cochliomyia americana’ 
during the warm seasons of the year. 
Mature larvae migrate or leave the host 
animal under the following two sets of 
circumstances: (1) while an animal is still 
alive and moving around, the larvae drop 
and are dispersed over a considerable 
area; (2) when an animal dies, the larvae 
leave the carcass and are all concentrated 
under and about the dead animal. 
LARVAE IN Carcasses.—It is well 
known that every year thousands of 
sheep, goats, and other animals die on the 
ranches in southwestern Texas from gross 
screwworm infestations. A large percent- 
age of these animals succumb out in the 
brush, and usually the carcasses are not 
found by the ranchmen. Frequently these 
animals harbor up to two or three thou- 
sand mature larvae at death. For a long 
time it was believed that this constituted 
a major source of screwworm flies. 
Animals nearly dead because of severe 
cases of screwworm infestation were ob- 
tained from ranchmen in Uvalde County, 
and kept under observation. At death an 
estimate of the number of third-stage 
larvae of Cochliomyia americana was 
made. The carcasses and migrating larvae 
were closely watched, and it was surpris- 
ing to see the great number of ants that 
quickly appeared and began to attack and 
kill the larvae. Often in a few minutes 
! This work was done under the direction of D. C. Parman 
? Lindquist, A. W., and Barrett, W. L. The overwintering 
of Cochliomyia americana C. & P. at Uvalde, Texas. (Unpub- 
lished manuscript.) 
* Deonier, C. C 
screwworm, Cochliomyia americana 
published manuscript.) 


4 Ants are predacious on the several species of blowfly larvae, 
but this paper deals only with their activities on C. americana. 
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thousands of ants would appear and at- 
tack the larvae in and under the carcasses. 
It was obvious that a large percentage of 
the larvae were being destroyed. In 24 to 
36 hours after all the larvae had left, the 
carcasses were removed so that a recovery 
cage of either cloth or screen wire could be 
placed over the spot. A record was kept of 
the flies that emerged. 

Observations were made on 
separated ranches, and in different eco- 
logical environments from May to Oc- 
tober in 1936 and 1987. Approximately 
60 carcasses of sheep, goats, calves, rab- 
bits, and deer were studied, but counts 
and estimates of larvae were made in only 
33 cases. In 26 of these cases a total of 
26,750 third-stage Cochliomyia americana 
were estimated, but only 1,107, or 4.1 per 
cent, emerged as flies. In the 7 other cases 
the carcasses were placed in tubs and pro- 
tected from ants, and a total of 3,044 
larvae yielded an emergence of 93.1 per 
cent. In spite of precautions ants got into 
one of the tubs and destroyed some 300 
larvae before they were discovered. 

The low emergence of the flies in the 
field is attributed almost entirely to the 
destructive activities of the ants, which 
were observed at every carcass or animal 
studied. In several cases ants were busily 
engaged in attacking larvae in wounds of 
animals which were down but not dead. 

Usually several species of ants would be 
present at a carcass. The following have 
been collected and were identified by the 
Division of Insect Identification of the 
Bureau of Entomology and Plant Quar- 
antine: 

Eciton (Labidus) coecum (Latr. 

Pheidole morrisi, var. impexa Whir. 

Pheidole sp. 

Pogonomyrmex barbatus var. fuscatus 

Km. 
Pogonomyrmec barbatus var. molefaciens 
(Buckl.). 

Solenopsis geminata (F.). 

Crematogaster lineolata (Say). 

Forelius maccooki (For.). 

Eciton (Labidus) coecum has been the 
most frequently observed species. These 
ants have been collected on juajilla® 
ridges, mesquite flats, shady sloughs, and 


W idely 


’ The Mexican name for a shrub in southwestern Texas 
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cultivated fields, and in caves. They were 
very destructive to larvae. One or a half 
dozen would assault a larva and appear to 
bite the victim to death. On one occasion 
these ants were observed catching adult 
blowflies at a carcass. Wheeler (1913) 
states that the species belongs to the 
legionary or visiting ants (Ecitonii), which 
are found in the warmer portions of North 
America. They are eyeless, are completely 
hypogaeic, or subterranean, or travel 
under dead leaves and other vegetable 
detritus on the surface of the They 
may often be found ferreting out larvae in 
or under old logs, under cow dung, or 
under the dead bodies of cats and dogs. 
They are reported as not having a perma- 
nent abode but as moving and foraging 
considerab ly. 

The ants next in importance appear to 

: Pheidole morrisi var. impexa and an 
ad ie ol Pheidole. The 
former is apparently the more numerous. 
These have been observed on many occa- 
sions killing larvae of Cochliomyia ameri- 
cana at careasses and attacking them in 
These ants are small, and several 
are required to kill a larva. 

The harvester ant, Pogonomyrex bar- 
hatus (both varieties), is very quick in 
killing larvae. A single ant can kill a larva 
ina moment and transport it easily 30 or 
10 feet to the main Hundreds of 
these ants have been observed, each with 
a larva, marching along the pathways to 
their nests. 

Sole NOpsis geminata has heen observed 
two or three times attacking larvae of 
Cochliomyia americana, Death was im- 
mediate, and apparently the ant stung the 
larva to death. 

It is doubtful if Forelius maccooki and 
('rematogaster lineolata kill many mature 


soil. 


species of 


cages. 


nest. 


larvae. Their activities are usually con- 
fined to carrying away eggs and tiny 
larvae. 


The effectiveness of ants as predators 
on these larvae is due to the fact that ants 
are exceedingly numerous and widely dis- 
tributed and locate carcasses very quickly, 
often only a few minutes after an animal 
is down. Except under certain weather 
conditions the only blowfly larvae present 
during the first few hours after an animal’s 
death are those of Cochliomyia americana, 
therefore they receive the brunt of ant 
attack. 


The common carrion beetles Saprinus 
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spp. and various species of Creophilus and 
Necrophorus have never been observed to 
invade a carcass so quickly as do ants, nor 
have they been observed feeding on larvae 
of Cochliomyia americana. Furthermore, 
by the time these beetles do arrive the 
carcass is so infested with other blowfly 
larvae that the comparatively small per- 
centage of C. americana remaining are not 
likely to be preyed upon. Also, the beetles 
are not so numerous as ants. 

The conclusion is reached that animals 
dying from screwworm infestations and 
harboring third-stage larvae of Cochlio- 
myia americana are the source of only a 
small emergence of flies during the warmer 
seasons of the year, chiefly because of the 
predatory actions of several species of 
ants. There is some ant activity during 
part of the winter, and ants no doubt prey 
on serewworm larvae and pupae when 
these are available. A few observations 
late in November and in December indi- 
cate some destruction of the immature 
stages of the screwworm by ants. 

LARVAE Droppinc FROM Wowunpbs. 
The question concerning the fate of larvae 
of Cochliomyia americana dropping nor- 
mally from a wound while an animal is 
still strong and moving around was also 
given attention. Ordinarily the larvae 
drop a few at a time and are scattered 
widely, except when an animal is at rest. 
Do ants or other predators locate and 
destroy these larvae? 

Ten mature larvae each were dropped 

2-foot-square screen and cloth-topped 
recovery cages. The few specimens in- 
stalled were to simulate larvae dropping 
from wounds in small numbers. The cages 
were set in different environments with 
the idea that perhaps some areas were not 
favorable to ant activity. The environ- 
ments included juajilla ridges, mesquite 
flats, brushy sloughs, and light and heavy 
grass sod. All degrees of light and natural 
shade from full sunlight through inter- 
mittent light to continuous deep shade 
were represented. Emergence of the flies 
was recorded daily. From a total of 1310 
larvae in 131 cage settings in June, July, 
and August, 1937, 9.9 per cent emergence 
was recorded. In checks in which larvae 


were kept in dry sand in screened-topped 
pint jars in an open shaded insectary and 
in the field, 70 to 100 per cent emergence 
occurred. Emergence in the 
ranged from 0 to 80 per cent. 


various cages 
As there was 
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no appreciably greater emergence in the 
cages in deep shade than in those in other 
environments the possibility of sun-kill of 
larvae, which might occur in unshaded 
spots, is precluded. Ants were observed in 
all types of environment, and low emer- 
gence was recorded in most of them. The 
ants usually entered the cages by burrow- 
ing underneath them. 

In another series of 12 tests in July, 10 
to 100 larvae in each test were dropped 
onto the ground in cages in different en- 
vironments. From 370 larvae only 4 flies 
emerged. In three tests in July under deep 
shade conditions, freshly killed rabbits 
were opened and larvae were placed in the 
abdominal cavity. From 624 larvae no 
emergence was recorded. Eciton ants in- 
vaded these cages quickly and destroyed 
the larvae, and there was no doubt as to 
what was taking place. It appears that 
carrion enhances the activity of this ant. 
In check jars 90 per cent emerged. 

The fate of each larva could not be de- 
termined, but it is certain that a large per- 
centage were destroyed by ants. In some 
of the tests conducted in open, unshaded 
areas, sun-kill was a factor during hot 
periods, but since no greater emergence 
occurred under shady conditions the ma- 
jor destruction is attributed to ants. The 
many observations of ants actually at- 
tacking larvae seem to substantiate the 
conclusion that ants accounted for the 
destruction of many of the larvae. 

In many instances puparia were dug 
out of the soil, and the holes in the shells 
indicated that ants had destroyed them. 
To test this, larvae were placed in screen- 
bottom boxes containing screened soil and 
these boxes were buried to a depth of 2 to 
3 inches in the ground. Thus the puparia 
could be recovered and examined, and 
those from which flies had emerged and 
those that were dead could be easily dis- 
tinguished. When the boxes were exam- 
ined, many of the pupal cases from which 
flies had not emerged had small, round 
holes eaten into the ends and sides, and 
others had large, irregular perforations. 
The contents of the shells had been cleaned 
out in all cases. The difference in type of 
damage was due to the activities of differ- 
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ent species of ants. Ants were frequently 
observed attacking larvae at the time 
they were being installed, and of course 
fewer puparia were recovered than larvae 
originally placed in the boxes. This loss 
was recorded as due to activities of ants. 
In October and November, 1937, and 
March, April, and May, 1938, 50 tests 
were made in boxes as described above, in 
different environments, and in two areas. 
A total of 1,360 larvae were installed in 
batches of from 5 to 150. Examinations 
showed that 43.5 per cent of the larvae 
vielded flies; 20.7 per cent of the puparia 
had been eaten into by predators, appar- 
ently ants; 25.1 per cent of the larvae 
were missing, presumably destroyed by 
ants; and 10.7 per cent of the puparia were 
dead. Larvae kept in jars and protected 
from ants yielded 95 per cent emergence. 
Other puparia were frequently dug out of 
soil from various implantations of larvae 
with the discovery that ants had eaten 
into and destroyed the fly pupae. 
ConcLusions.—<Ants are valuable pred- 
ators of third-stage larvae of Cochliomyia 
americana in the bodies of animals that 
die from screwworm infestations. Ants are 
abundant and come to a carcass before 
other blowfly larvae become numerous. 
An emergence of 4.1 per cent of screw- 
worm flies was recorded from exposed car- 
casses; but where the carcasses were pro- 
tected 93.1 per cent emergence resulted. 
In 196 field tests under a great variety 
of conditions, in which 5 to 200 larvae 
were dropped so as to simulate the larvae 
escaping from wounds, a total emergence 
of 19.8 per cent of flies was recorded. 
Larvae kept in jars and protected from 
ants yielded 70 to 100 per cetn emergence. 
It appears that larvae dropping small 
numbers from wounds have a _ better 
chance of survival than when ensconced in 
a carcass. This is probable, because it 
seems that carrion is at attractive medium 
to many species of ants. In both cases a 
low emergence is evident, and it is con- 
cluded that ants constitute an important 
natural control of Cochliomyia americana, 
which is in full effect from March to De- 
cember and probably continues during 
the rest of the year.—6-25-42. 
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Biology of Cylindrocopturus furnissi Buchanan on 
Douglas-Fir' 


R. L. Furniss,? U.S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


For many years the weevil now known 
as Cylindrocopturus furnissi Buchanan has 
heen known to attack Douglas-fir, Pseu- 
dotsuga taxifolia (Poir.) Britt., on the Pa- 
cific Coast. Until recently, however, it has 
not been recognized as specifically distinct 
and, as a result, it has been confused in the 
literature, under the name, C. longulus 
Lec., with a number of closely related spe- 
cies that live principally in pines. The bi- 
ology of one of these pine infesting species, 
(’. eatoni Buchanan, has recently been re- 
corded by Eaton (1942). Buchanan (1940) 
has described C. furnissi, discussed its 
systematic relationships, and noted its 
host and distribution. It is the purpose of 
the present paper to record the biology of 
this weevil in relation to its only known 
host, Douglas-fir. 

The observations recorded herein were 
made chiefly at Pack Demonstration For- 
est, La Grande, Wash., where a rather 
heavy infestation of a naturally establishd 
stand of 20-year-old Douglas-fir has been 
in progress for a number of years. Some 
data were taken there as early as 1935, but 
no detailed study was undertaken until 
1938. Observations were continued in 
1939 and 1940 and concluded in the spring 
of 1941. Supplemental records were ob- 
tained from other places in western Wash- 
ington and Oregon and northwestern Cali- 
fornia. 

Distrisution.—When L. L. Buchanan 
(1940) described Cylindrocopturus furnissi 
he had before him the type series from La 
Grande and other specimens from Tenino, 
Wash.; Aurora Mills, Oswego, St. Helens, 
and Lane County, Oregon; and Gaasquet 
Ranger Station, Calif. Some additional 
records of distribution are now available. 
Localities where the weevil has been col- 
lected and which have not previously been 
recorded include Carson, Fort Lewis, Nis- 
qually, Puyallup, Shelton, Toledo, and 
Vashon, Wash.; and Grants Pass, Oregon. 

CHARACTER AND IMPORTANCE OF AT- 


1A contribution from the Bureau of ry! and Plant 
Quarantine, United States Department of Agriculture, in co- 
operation with the College of Forestry, University of Wash- 
ington. 

2 The author is indebted to W. K. Coulter and W. R. Pierce 
for aid in collecting the field data and to D. M. Covington, resi- 
dent manager of Pack Demonstration Forest, for much material 
assistance in carrying on the study. 


Tacks.—Although Cylindrocopturus fur- 
nisst is widely distributed in the Douglas- 
fir region, its presence is easily overlooked. 
Under ordinary conditions it attacks and 
frequently kills scattered small branches 
on open-grown reproduction. This type of 
infestation is inconspicuous and has no 
serious effect upon the attacked trees. 
Where small Douglas-firs are growing on 
certain types of soil, such as the gravelly 
deposits of La Grande, heavy weeviling 
may occur year after year, deforming the 
trees and retarding their growth (Fig. 1, 
A). Many of the laterals and terminals on 
such trees may be killed back, some of 
them as much as 8 to 10 years’ growth. 
Not all the attacked branches are killed. 
Often the young brood stages are over- 
come by the resistance of the tree before 
the limbs are seriously affected (see dis- 
cussion of host resistance). In other cases 
beetles may develop successfully without 
killing the infested branches. In the latter 
event callus tissue develops and gradually 
grows over the larval mines (Fig. 1, B). If 
subsequent attacks do not kill such 
branches they will eventually recover, 
provided they are not so weakened as to 
be broken off by wind or other forces. 
Some small trees, usually those less than 5 
feet high, may be killed outright by C. 


furnissi. Once Douglas-firs have attained 


a height of 15 to 20 feet they are no longer 
subject to appreciable damage by this 
weevil. 

Following drought, weevil injury may 
increase to a very considerable extent. 
This was the case in the Rogue River Val- 
ley, Oreg., following the extremely dry 
summer and fall of 1936, and in the Puget 
Sound Basin, Wash., following the very 
dry summer of 1938. In both these areas 
many small trees growing on shallow or 
gravelly soils were heavily attacked. It 
was observed, however, that the weevils 
did not develop successfully in trees that 
were extremely desiccated from drought. 

Under conditions that favor it, Cy- 
lindrocopturus furnissi may be a considera- 
ble factor in retarding the development of 
young stands by causing loss of growth 
and some killing in the early years. On a 
regional basis infestation by this weevil 
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causes relatively little damage in natu- 
rally established stands, but in individual 
plantations it is likely to become impor- 
tant. 

Lire History anp Hapirs.—There is 
one main generation and perhaps a par- 
tial second each year at La Grande, as de- 
termined by caging studies and periodic 
sampling of the 1938-39 and 1939-40 
broods. The various stages are briefly de- 
scribed, and their observed habits are 
noted in the following discussion. 

Tue Apu tt (Fig. 1, F) averages 2.5 mm. 
in length and 1.05 mm. in width. It is cov- 
ered with intermixed light and dark scales. 
The dark scales predominate on the dor- 
sal surface and the light scales on the ven- 
tral surface, which makes it appear 
cupreous above and whitish beneath. A 
detailed description of the adult has been 
made by Buchanan (1940). 

The sexes are similar in general appear- 
ance but can be readily separated by a dif- 
ference in the first abdominal ventrite. In 
the male this ventrite bears a concave im- 
pression that reaches the base. In the 
female the first ventrite is convex to flat or 
occasionally somewhat coacave, but the 
concavity almost never reaches the base. 
Approximately 1} in 100 individuals is in- 
termediate and its sex difficult to deter- 
mine by external examination; however, 
in a random sample consisting of 1205 
adults, which were subsequently  dis- 
sected, all except 2 females and 1 male 
were correctly designated as to sex on the 
sole basis of the abdominal character. 

Observations made during the study in- 
dicated a sex ratio of approximately 1 to 1. 
Of 8 small lots of adults, totaling 351 and 
reared from infested branches collected at 
various places in 1935, 1937, and 1939, 
51.2 per cent were females and 48.8 per 
cent males. A combined collection of 3141 
adults, obtained by beating Douglas-fir 
reproduction at La Grande at least once 
each month from June 1939 to May 1940, 
comprises 44.3 per cent females and 55.7 
per cent males. 

New adults were first formed by the 
third week in May and became most 
abundant in the pupal cells in the branches 
by the first week in July. Initial emergence 
occurred soon after the middle of June and 
was completed during the first week in 
August. Very soon after emergence the 
adults began to feed upon small branches 
of Douglas-fir by cutting irregular holes 
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through the outer bark and gouging out 
small cavities in the inner bark with the 
beak. These feeding punctures became 
calloused and, when abundant, imparted 
a characteristic roughened appearance to 
the branches. In some cases where 30 to 50 
adults were caged on a single branch the 
calluses became so abundant that the 
branch was killed. On uncaged branches 
feeding punctures were not found abun- 
dant enough to cause mortality. No feeding 
on needles was observed. Under cage con- 
ditions the beetles continued to feed as 
long as they were active. When they were 
deprived of food, the beetles soon died. 
Field collections made during every month 
of the year indicated that it is normal for 
a large percentage of adults to overwinter 
on Douglas-fir reproduction by clinging to 
the branches, and that many adults sur- 
vive at least a year. In cages on living 
branches numerous adults were kept alive 
over winter and several lived approxi- 
mately a year. In these cages maximum 
length of survival was 428 days for a male 
and 362 days for a female. 

The egg (Fig. 1, ©) is ovoid, pearly 
white, and without evident surface mark- 
ings at 45X magnification. Average di- 
mensions of 20 eggs measured on Septem- 
ber 5, 1939, were length 0.483 mm. and 
width 0.296 mm. 

The process of egg laying was not ob- 
served; however, 4389 eggs were dissected 
from twigs and practically all were found 
to have been deposited in the same man- 
ner. Each egg had been laid individually 
in a small hole cut obliquely in the living 
bark, and the hole had then been sealed 
with a white secretion. The presence of 
this white plug served to distinguish egg 
punctures from feeding punctures, which 
were open and more irregular in shape. In 
the laboratory a few eggs were laid on the 
surface of twigs that had become exces- 
sively dry. In the field eggs were deposited 
in growth as far back as that of the tenth 
vear, but a very large percentage of them 
were laid in the last 4 years’ growth. The 
next-to-the-current-year’s growth was ob- 
served to be most heavily attacked. The 
eggs were rather uniformly distributed 
along a given year’s growth, with the ex- 
ception of the current year’s growth, 
where eggs were found concentrated near 
the base of the internode. 

There was a preoviposition period of ap- 
proximately 1 month following emergence 
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of the adults. Egg laying in the field began 
about the first of August, continued at a 
fairly high level until the middle of Sep- 
tember, and then dropped off rapidly until 
it ceased by the first week in October. In 
the laboratory the egg-laying period was 
extended approximately 3 months beyond 
that in the field by maintaining beetles at 
room temperatures in glass jars containing 
frequently replaced sections of fresh 
Douglas-fir branches. A total of 175 
adults (72 females and 103 males) were 
used in this experiment. Because of vari- 
ous hazards connected with the method of 
handling them, mortality among _ the 
caged beetles was high, and the last one 
died early in January 1940. In the labora- 
tory oviposition continued from August 9, 
1939, to January 1, 1940, and peak pro- 
ductivity occurred near the time that egg 
laying ceased in the field. Mating occurred 
frequently among the caged beetles and 
seemed to be essential to the continued 
production of eggs, for productive females 
discontinued laying eggs within a few days 
after being deprived of association with 
males. 

Dissections of numerous females showed 
that maturation of eggs practically ceased 
during the winter and was resumed the 
following spring. Mature eggs were found 
in only 3 of 443 females collected during 
the period September 19, 1939 to March 
19, 1940; whereas, 61 of 71 overwintered 
females collected on April 28 and May 16, 
1940, contained mature eggs. Adults col- 
lected during February and subsequently 
kept in the laboratory deposited eggs by 
March 17. In cages on Douglas-firs in the 
open, overwintered adults laid eggs that 
hatched as early as May 15, and such 
adults continued to produce eggs as late as 
August 15. The development of progeny 
from eggs laid in the spring was not stud- 
ied. This second brood seemed relatively 
unimportant, for intensive sampling dur- 
ing spring and early summer at La Grande 
revealed no successful attacks on uncaged 
trees before the first of August, the time 
when new adults began oviposition. 

A careful record was kept of the egg 
production of 81 females caged in the 
laboratory. One of these females caged 
with one male laid 184 eggs in 116 days, 
or an average of. 1.5 eggs per day. This was 
the highest total productivity recorded for 
any female. Another female produced 147 
eggs in 88 days, to average 1.6 eggs per 


day. A group of 7 females caged with 6 
males laid 862 eggs, or an average of 123 
eggs per female. The females of some iso- 
lated pairs laid very few eggs and some 
females produced none at all. Dissections 
of numerous gravid females showed them 
to contain from one to eight large, appar- 
ently mature eggs. 

Incubation was determined only for 
eggs kept under laboratory conditions. 
Eggs were obtained from caged weevils in 
glass jars containing sections of freshly 
cut Douglas-fir branches. Feeding and 
oviposition were allowed for one to sev- 
eral days. Then the eggs were removed 
from the bark and placed upon moist blot- 
ting paper in salve boxes, which were 
closed and kept at room temperatures. 
With daily care to prevent desiccation and 
the development of mold, 271, or 75.3 per 
cent, hatched out of a total of 360 eggs 
that were isolated. As the technique of 
handling was improved, mortality became 
negligible. It is of interest that eggs laid in 
the laboratory long after egg laying had 
ceased in the field were also fertile. During 
August 1939 a total of 193 eggs of known 
age were isolated and kept under daily ob- 
servation. The incubation period for these 
eggs ranged from 4 to 13 days, with 95 per 
cent hatching in 6 to 11 days. In the field 
the incubation period may have been 
somewhat longer. 

The mature larva (Fig. 1, D) is 3.0 to 
3.5 mm. in length and approximately 1.2 
mm. in maximum width. The body is 
curved and subeylindrical. The color is 
white, except for the head, which is light 
testaceous with darker mouth parts and a 
characteristic pigmented area on each 
gena. The prepupal larva is of the same 
instar as the active mature larva, but it 
differs from the latter by being much less 
curved and by having the head exserted. 
A detailed description of the larva and 
pupa of Cylindrocopturus furnissi has been 
published by Anderson (1941). 

Upon hatching, principally during Au- 
gust and September, the small larvae soon 
bored down to the surface of the wood, 
where they usually extended their galleries 
longitudinally for a variable distance. 
Later the galleries became more winding 
and frequently resulted in the girdling of 
small branches, especially at the nodes. On 
large branches coalescence of several gal- 
leries was commonly necessary before the 
branches were killed. As the galleries were 
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extended, the bark over them shrank, 
causing a characteristic callus, which indi- 
cated the presence of attacks considerably 
before the foliage faded. When the larvae 
approached maturity, they frequently 
bored through the wood into the pith and 
mined in it for an inch or two. Larvae of 
all sizes overwintered. The last ones trans- 
formed to pupae by the first of July. No 
larvae were individually reared from the 
egg to the pupal stage, but periodic sam- 
pling of the overwintering population in- 
dicated a minimum larval period of ap- 
proximately 9 months. 

The pupa (Fig. 1, E) which is white and 
approximately 3.5 mm. long, bears a few 
inconspicuous setae and does not differ in 
general outline from the typical curculio- 
nid pupa. 

Pupal cells were formed in the bark, in 
the wood, or in the pith. In the larger 
branches pupation commonly occurred 
wholly in the bark or partly in the bark 
and partly in the wood, but in the smaller 
branches it was more frequent in the wood 
or in the pith. Pupation took place in the 
spring, chiefly during May and June, but 
the first pupae formed late in April and 
the last ones did not transform into adults 
until the end of the third week in July. 
Ninety-eight prepupal larvae were indi- 
vidually reared to the adult stage in the 
laboratory in order to determine the 
length of the pupal stage. Each of these 
larvae was placed in a small glass vial 
which was plugged with cotton and moist- 
ened daily. A total of 98 adults (46 females, 
49 males, and 3 of undetermined sex) de- 
veloped. The period covered by these ob- 
servations extended from May 31 to July 
21, 1939. The minimum time for complete 
development in the pupal stage was 14 
days, the maximum 27 days, and the av- 
erage 22 days. Actually the length of pu- 
pal life varied relatively little, for 90 per 
cent of the pupae developed into adults in 
20 to 23 days. 

Assocriatep FunGus.'—A fungus, Pul- 
lularia pullulans (de By.) Berk., that 
causes blue staining of window sash and 
other pine products was closely associated 
with Cylindrocopturus furnissi, and it is 
suspected of aiding this insect in overcom- 
ing the resistance of attacked trees. Cul- 
tures of the fungus, prepared from the 

Identification and culturing of this fungus were done by 
C. 'T. Rumbold and inoculations and checking of results by 


}. L. Bedwell, T. W. Childs, G. H. Englerth, and J. W. Kimme 
Bureau of Plant Industry, U.S. Department of Agriculture 
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weevil larvae and larval mines and inocu- 
lated into healthy trees in August 1940, 
became established in some cases and 
killed tissue around the points of inocula- 
tion but did not spread sufficiently to kill 
any of the inoculated branches or termi- 
nals. From this it was concluded that P. 
pullulans is only mildly pathogenic. 

NaTtuRAL Contro.t.—There are several 
important factors which limit the abun- 
dance of Cylindrocopturus furnissi. These 
are so effective that the weevil is ordina- 
rily of no economic importance despite the 
fact that it has a rather high reproductive 
capacity and is able to develop success- 
fully in trees of seemingly vigorous 
growth. The chief factors which have been 
observed as operative against C. furnissi 
are host resistance, competition, and para- 
sitism. No detailed study has been made 
of the actual effectiveness of these factors, 
and very likely their relative importance 
is variable from year to year. 

Host resistance in this case is the “‘pitch- 
ing out” of the weevil brood. By the time 
larval feeding ceases in the fall, a rather 
high mortality has occurred and much of 
it can be attributed to excessive pitch 
flow. General observations made during 
the examination of numerous infested 
branches showed that “pitching out” of 
eggs and very small larvae is especially 
prevalent. As the larvae increase in size 
and become well established, mortality 
resulting from host resistance decreases 
rapidly. A limited number of brood counts 
made in October and November 1939 
showed mortality, exclusive of that caused 
by parasitism, to average 50 to 75 per 
cent. Practically all this mortality was 
caused by excessive pitch flow. A small 
sample indicated that, because of pitch 
infiltration, few, if any, eggs overwinter 
successfully. 

Competition for suitable food and living 
space results in the mortality of many lar- 
vae. During the developmental period in 
the fall numerous eggs and small larvae 
are accidentally killed by larger larvae as 
the latter extend their galleries. When the 
winter period of inactivity begins, living 
larvae of all sizes may be present in a given 
branch. In the usual event of the branch 
being girdled, the probability is that only 
the mature or nearly mature larvae will 
survive, for by spring the bark tissue be- 
yond the girdle is usually dry and unsuita- 
ble for the development of small larvae. 
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Parasitization is fairly common. Brood 
counts made between April 3 and August 
10, 1939, of 22 lots of material infested by 
the 1938-39 generation revealed an aver- 
age parasitization of 19.9 per cent of the 
larvae and pupae not dead from other 
causes. Information concerning the vari- 
ous species of parasites was obtained by 
the mass fearing of infested material, by 
numerous dissections of infested branches, 
and by the rearing of individual parasites 
that were isolated from weevil galleries 
and parasitized weevils. In all, 13 hy- 
menopterous parasites were either defi- 
nitely proved to be parasitic or linked as 
being very likely parasitic on Cylindrocop- 
turus furnissi. The following are a few 
brief notes, arranged alphabetically by 
families, concerning these parasites." 

Dendrosoter scaber Mues. Braconidae) 
was reared in considerable numbers dur- 
ing June and July 1937 from weeviled 
branches taken from drought-weakened 
Douglas firs near Gasquet Ranger Station. 
These branches had been attacked and 
killed by Cylindrocopturus furnissi, which 
is assumed to be the host. D. scaber was 
described by Muesebeck (1938) chiefly 
from adults from this rearing. 

Microbracon pint Mues. (Braconidae) 
was an uncommon larval parasite of Cy- 
lindrocopturus furnissi. Two adults were 
reared on June 12, 1937, from weevil-in- 
fested limbs of Douglas-fir taken near 
Gasquet Ranger Station. One fully formed 
adult was removed from its cocoon in a 
larval mine of C. furnissi at Toledo on 
April 12, 1939. Four adults were reared in 
the laboratory during March 1941 from 
cocoons taken from mines of C. furnissi at 
La Grande. 

Microctonus n. sp. (Braconidae) was 
commonly found as a parasite of the adult 
of Cylindrocopturus furnissi at La Grande. 
Observations were not made to determine 
whether it occurred elsewhere. Dissections 
of 15 lots comprising a total of 925 adults 
of C. furnissi taken by beating from Sep- 
tember 12, 1939, to May 16, 1940, revealed 
12.5 per cent of them parasitized by this 
parasite; whereas, dissections of 3 lots to- 
taling 215 adults collected in the same 
manner between July 29, 1940, and Feb- 
ruary 19, 1941, revealed 50 per cent of 


! All parasites were determined by specialists of the Bureau of 
Entomology and Plant Quarantine, U.S. Department of Agri 
culture. The braconids were determined by C. F. W. Muesebeck 
the chalcidoids by A. B. Gahan. and the ichneumonid by R.A 
Cushman 
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them parasitized. In all except 13 of the 
223 weevils found to be parasitized by this 
species there was only 1 parasite larva to 
each host adult. In 12 weevils there were 2 
parasite larvae and in | there were 3 para- 
site larvae. In all cases where there were 
more than 1 parasite larva only one had 
survived. The manner of egg deposition of 
the parasite was not observed. There 
seemed to be only one generation a year, 
with larvae present in the abdomen and 
occasionally in the thorax of the host from 
July until June. The parasite larvae 
emerged from the weevils during May and 
June, and spun small, loosely formed co- 
coons on the bottom of the rearing jar. 
Only one adult was obtained. This one 
emerged in either June or July of the year 
in which the cocoon was formed. 

Urosigalphus pint Cush. (Braconidae 
was found only near Gasquet Ranger Sta- 
tion and is assumed to be parasitic on 
Cylindrocopturus — furnissi Numerous 
adults were reared during June, July, and 
August, 1937, from Douglas-fir branches 
infested with this weevil. 

Euderus argyresthiae (Cwfd.) (Eulophi- 
dae) was the most abundant larval para- 
site of Cylindrocopturus furnissi at La 
Grande, Nisqually, Puyallup, and To- 
ledo. The pupal period of 28 individuals 
ranged from 11 to 22 cays. Adults were 
reared in the laboratory from April 18 to 
July 29, 1939, from the 1988 39 genera- 
tion of (. furnissi, during October an 
November 1939 from the 1989 40 gene 
ration, and during March 1941 from the 
1940-41 generation. 

Tetrastichus sp. (Eulophidae) was re 
corded in association with Cylindrocop 
turus furnissi at Gasquet Ranger Station 
and Puyallup. At the former place three 
adults were reared in June 1987 from 
branches of Douglas fir containing ©. fur- 
nissi, and at the latter place two adults 
were reared on May 15 and 16, 1989, from 
parasitized larvae of C. furnissi. 

Eupelmella resicularis (Retz. Kupel 
midae) was reared in small numbers from 
larvae of Cylindrocopturus furnissi taken 
at La Grande and Puyallup. The pupal 
period of six individuals ranged from 10 to 
18 days. Adults emerged from June 28 to 
July 22, 1939. 

Eurytoma tomici Ashm 
adults were reared in small numbers from 
April 25 to August 5, 1989, from larvae of 
Cylindrocopturus furnissi taken at La 
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Grande and Puyallup. The pupal period of 
six individuals ranged from 10 to 13 days. 

Calliephialtes comstockii (Cress.) (Ich- 
neumonidae) was recorded on C'ylindro- 
copturus furnissi only at La Grande, where 
three adults were reared during June 1939 
from larvae of this weevil. 

Amblymerus near verditor (Nort.) (Pte- 
romalidae) was reared in fair numbers dur- 
ing June 1937 from branches of Douglas- 
fir injured by Cylindrocopturus furnissi 
near Gasquet Ranger Station. From April 
30 to June 22, 1939, a few adults were 
reared from larvae of C. furnissi taken at 
La Grande and Toledo. The pupal period 
of two individuals was 13 and 15 days. 

(Caenacis sp. (Pteromalidae) was reared 
in small numbers during June, July, and 
August, 1939, from larvae of Cylindrocop- 
turus furnissi taken at La Grande, Nis- 
qually, and Puyallup. 

Cecidostiba dendroctoni Ashm. (Ptero- 
malidae) was reared in small numbers dur- 
ing April 1989 from larvae of Cylindro- 
copturus furnisst taken at La Grande, 
Nisqually, and Puyallup. 

Rhopalicus pulchripennis (Cwfd.) (Pte- 
romalidae) was reared inconsiderable num- 
bers during June 1937 from branches of 
Douglas-fir infested by Cylindrocopturus 
furnissi near Gasquet Ranger Station. At 
this locality R. pulchripennis was less 
abundant than Dendrosoter scaber and 
U'rosigal phus pint. At La Grande, Nis- 
qually, Puyallup, and Toledo it was 
reared from the larvae of C. furnisst and 
was second in abundance to Euderus 
arqyresth ae, 

ArtTiFiciAL ControL.No_ practical 
measures were developed for the control 
of this weevil, and none seems necessary 
under existing forest conditions. In antici- 
pation of possible future needs, two meas- 
ures, (1) destruction of the immature 
stages by removing and burning infested 
material and (2) destruction of adults 
collected by beating during the preovi- 
position period, were investigated. Be- 
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cause of serious limitations both as to 
effectiveness and economy, neither of 
these measures can be recommended. 

SuUMMARY.—Cylindrocopturus furnissi is 
recorded only from western Washington 
and Oregon and northwestern California. 
It is a minor pest of naturally established 
Douglas-fir reproduction and a potential 
threat to plantations of this tree, which is 
the only known host. Damage increases 
under drought conditions. 

A detailed study of the biology of 
Cylindrocopturus furnissi was made from 
1938 to 1941 chiefly at La Grande, Wash., 
where there is one main generation and 
perhaps a partial second each year. Lar- 
vae, parent adults, and possibly eggs over- 
winter. Pupae develop late in April and 
are present until late in July. Adults be- 
gin to form by May 20, but they do not 
emerge until nearly a month later. The 
last ones leave the branches by early 
August. There is a preoviposition period 
of approximately a month. Oviposition 
takes place from the first of August to 
the first of October, and practically all 
eggs hatch before winter. Throughout 
their active life, adults feed upon the in- 
ner bark of small branches of Douglas- 
fir. Of the numerous adults that over- 
winter successfully, most, if not all, do 
so by clinging to the branches of the host. 
Some of these adults resume egg laying in 
the spring. A fungus, Pullularia pullulans 
(de By.) Berk., is associated with C. 


furnissi and seems to aid the larvae in 


overcoming the resistance of attacked 
trees. 

Natural-control factors observed as af- 
fecting Cylindrocopturus furnissi are host 
resistance, competition, and parasitism. 
Thirteen species of Hymenoptera are re- 
corded as parasites or probable parasites 
of this weevil. Artificial control is con- 
sidered unnecessary under forest condi- 
tions, but it may become necessary in 
plantations. No practical control meas- 
ures have been developed.— 8-16-42. 
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Dichloroethy! Ether for Control of the Sugar-Beet Wireworm 


M. W. Stone, [ 


Experiments against the sugar-beet 
wireworm, Limonius californicus (Mann.), 
in 1936 showed that dichloroethyl ether’ 
at concentrations of 1 to 7 ce. per gallon 
of water when applied at the rate of 1 
gallon of solution to | cubie foot of soil 
in cages gave mortalities of 60 to 100 per 
cent at depths of 4 and 8 inches (Camp- 
bell & Stone 1987). Exceptionally good 
mortalities were obtained in the field by 
applying 5-, 10-, and 20-ce. solutions to 
bean rows. Pepper (1940), in experiments 
conducted in New Jersey, found that con 
centrations of 1 to 4 cc. of dichloroethy! 
ether in one-half pint of water per plant 
were highly toxic to wireworms attacking 
cabbage, cauliflower, and other crucifer- 
ous crops and that these concentrations 
did not affect plant growth. 

In view of these promising results and 
the distinct limitations of the insecticides 
used thus far against wireworms, it ap- 
peared highly desirable to investigate fur- 
ther the possibilities of dichloroethy! 
ether as a soil insecticide for combating 
these widely distributed pests of many 
crops. The experiments reported on in 
this paper were conducted at Downey, 
Calif., in 1937, 1938, and 1939. 

Bart-Row Experiments. 
nary experiments in 1937 baits consisting 


In prelimi 


of corn and wheat were planted in an in- 
fested plot on March 30. The plot was 
one-half acre in size, and the baits were 
planted at a depth of 2 inches and in rows 
30 inches apart. Sifting of soil samples 8 
inches deep and 24 inches long, taken, 
within 3 inches of the center of the rows 
on the sixth day after planting, showed on 
an average 6 wireworms per foot of row. 
Since this number appeared ample for 
obtaining data on mortality, the rows 
were treated on April 7 with solutions con- 
taining 0.2, 0.4, 0.8, and 1.2 ounces of 
dichloroethyl ether per 100 gallons of 
water. The solutions were applied about 
an inch above the planting depth of the 
corn and wheat and also to the soil sur- 

1 Acknowledgments are due to L. J. McIntosh for assistance it 
carrying out the experiments, to L. B. Reed for statistical anal 
sis of the data, to J. Wilcox for helpful suggestions and assis 
tance, and to R. E. Campbell, under whose direction the work 
was conducted 

2 Beta-beta dichloroethyl ether (CICH,CH.OCH,CH.C] 
manufactured for commercial and technical use, as a solven 


extractant, or intermediate chemical for the production of other 
chemicals. 
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face at rates of 4 to 6 gallons per 100 feet 
of row. The solutions were put on with an 
apparatus specially constructed for apply- 
ing liquid insecticides. Soil samples taken 
from along the rows between the third and 
seventh days after treatment showed that 
larval mortalities ranged from 81 to 100 
per cent. The 1.2-ounce concentration was 
the most effective, but the weaker con 
centrations also caused high mortalities. 
\pproximately the same results were ob 
tained with the surface applications as 
with the below-surface applications. The 
average number of larvae in the checks was 
about the same as in the treated rows, an 
indication that there was little or no larval 
migration away from the baits as a result 
of treatment. 

Cac EXPERIMENTS. — Experiments 
conducted in 1937 showed that it was 
possible to apply the dichloros thyl ether 
directly to irrigation water, thus eliminat 
ing the heavy equipment used in trans- 
porting and applying the solutions in the 
field. In 1988, to determine the effective- 
ness of this method, small quantities of 
emulsified dichloroethyl ether® were added 
to tap water and run into shallow trenches 
7 inches deep by 10 inches wide, in which 
screen cages containing wireworms had 
been placed. These cylindrical cages, 1 
inch in diameter and 12 inches in height, 
were each filled with soil containing five 
larvae and some wheat, and were placed 
in a horizontal position at depths of 1 
inch and 6 inches from the bottom of the 
trench and at distances of 25, 50, 75, 
100, 125, and 150 feet from the pont of 
application of the emulsion. After in- 
stallation of the cages, the surrounding 
soil was firmly tamped down so that ther 
would be no danger of having an excess 
of the emulsion entering the cage area 
The emulsion was applied at the rate of 
approximately 1 gallon per foot of row by 
means of a burette, which could be regu- 
lated according to the quantity desired 
per gallon of water. The water was ac- 
curately measured by means of a meter. 
Concentrations of 3, 4, 5, and 7 ounces of 
the dichloroethy] ether per 100 gallons of 


The emulsion was formed by adding 1.4 ounces by weight 
{ the sodium salt of alkyl ester of sulfosu 


gallon of dichloroethy! ether 
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water were each tested, on five occasions 
between March 31 and May 27. The check 
cages were flooded with water. 

To determine the effectiveness of the 
different: concentrations, the wireworms 
were removed from the cages on the fifth 
day after treatment and then placed on 
top of moist soil in salve cans, after which 
they were removed to the laboratory base- 
ment, where they remained for 5 days 
before the final check on mortality was 
made. These tests were carried on in soil 
of a loam texture ranging in moisture 
content from 10 to 15 per cent and during 
a period when mean soil temperatures at 
the 4-inch depth ranged from 57° to 77° F. 
and averaged 67.3°. 

The results of these experiments showed 
larval mortalities of 48 to 88 per cent fol- 
lowing applications of 3 ounces of di- 
chloroethyl ether per 100 gallons of water 
and from 83 to 100 per cent following ap- 
plications of 4, 5, and 7 ounces. Larval 
mortality was about 5 per cent in the 
check cages, and this was apparently due 
partly to cannibalism resulting when the 
larvae were crowded. 

It was observed at the time of examina- 
tion that the wheat placed in the cages 
had germinated and appeared to have 
been unaffected by the different concen- 
trations of dichloroethyl ether used. 

EXPERIMENTS ON Potators.—In an 
experiment started on April 14, 1938, seed 
potatoes of the White Rose variety were 
planted from 4 to 6 inches deep, about a 
foot apart, and in shallow furrows 30 
inches apart and 140 feet long. These fur- 
rows treated with dichloroethy! 
ether on April 25, when it was found that 
every seed piece examined was infested 


were 


with one or more wireworms. Concentra- 
tions of 3,5, and 7 ounces of the insecticide 
per 100 gallons of water were applied by 
means of a burette to the furrows at the 
rate of 1 to 1.4 gallons of solution per foot 
of row. Water alone was applied to the 
check rows at an average rate of 1.1 gal 
lons per foot of row. Unusually low tem- 
peratures prevailed, as a maximum of only 
68° F. was reached at the 4-inch depth on 
the day of treatment and 71° on the day 
following. On the eighth day after treat- 
ment, siftings were made of 14 half-square 
foot soil samples to determine the number 
of wireworms remaining. In sampling, a 
metal form 6 inches wide, 12 inches long, 
8 inches high used. This was 


and Was 
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placed lengthwise in the row so that each 
sample included 3 inches of soil on each 
side of the row. The samples were taken 
at 10-foot intervals and to a depth of 12 
inches. Eighteen days after treatment 7 
additional half-square-foot samples were 
taken at 20-foot intervals. One potato 
seed piece was included in each sample. 

As there were no significant differences 
among the results obtained by the various 
concentrations, they may be considered as 
a single experiment of three replicates 
(Table 1). A considerable number of wire- 
worms were killed, especially at depths of 
t to 8 inches, where the potato seed pieces 
were located. That the solution had com- 
pletely permeated the seed pieces was in- 
dicated by the fact that many of the dead 
larvae were found intact in their burrows. 
Only a few dead wireworms were recovered 
at depths of 8 to 12 inches, mainly be- 
cause of insufficient penetration of the 
solution. The siftings 18 days after treat- 
ment showed that a low wireworm popula- 
tion existed in the treated rows, and it 
appeared unlikely that a build-up of wire- 
worm numbers would occur for some time, 
as the odor of dichloroethyl ether was still 
keenly perceptible. 

The treatments apparently had no ef- 
feet on the seed nor had sprouting of the 
tubers been retarded in the least. It was 
observed at the time of harvest that both 
treated and untreated vines were similar 
in size, but as for the potatoes these were 
so small and irregular that it could not be 
determined whether the treatment had af- 
fected them adversely. No difference was 
noted in the eating qualities of the treated 
and untreated potatoes. 


Table 1.—Living and dead sugar-beet wire- 
worms found in soil at various depths in planting 
of seed potatoes after dichloroethyl ether emul- 
sion was added to irrigation water. 
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EXPERIMENTS ON Corn.—<Additional 
experiments were carried on in 1938 to de- 
termine the effect of dichloroethyl ether 
on other seed subject to wireworm attack. 
In a preliminary test on April 26 corn of 
the Oregon Evergreen variety was planted 
t inches deep, in shallow furrows 150 feet 
long and 18 inches apart, in moist sandy 
loam soil. On May 2, after examination 
had shown many of the kernels to be in the 
germinating stage and severely infested 
by wireworms, the rows were treated with 
concentrations of 2.6, 3.4, 5.1, and 6.1 
ounces of dichloroethyl ether per 100 gal- 
lons of irrigation water, at rates ranging 
from 0.7 to 0.9 gallon of solution per foot 
of row. There were two rows in each plot, 
one row being used for determining wire- 
worm mortality and the other for deter- 
mining the effect of the treatment on plant 
growth. Mortality counts were made 4 to 
7 days after treatment by sifting 15 half- 
square-foot soil samples that were taken 
at 10-foot intervals to a depth of 12 
inches. 

The different concentrations were simi- 
lar in effectiveness. In the first 4 inches of 
soil, where 46 to 71 per cent of the larvae 
were located, 67 to 93 per cent mortality 
was obtained. Between 4 and 8 inches, 
where from 18 to 29 per cent of the larvae 
were located, the mortality ranged from 
22 to 50 per cent; and between 8 and 12 
inches, where only 7 to 29 per cent of the 
larvae were located, the mortality was ex- 
tremely low, ranging from 0 to 25 per cent. 
To have increased the mortality at the 
lower depths, a considerably larger quan- 
tity of solution would have been neces- 
sary, but it is doubtful whether increasing 
the amount of solution would have been 
practical, as many of the wireworms found 
below 8 inches were of the large, or pupat- 
ing, type and these, being less active, eat 
more sparingly than the younger wire- 
worms. It appears that the solutions were 
slightly repellent, since 66 per cent of the 
larvae were found in the first 4 inches in 
the untreated rows and 50 per cent at the 
same depth in the treated rows. 

To obtain additional data on the effec- 
tiveness of low concentrations of dichloro- 
ethyl ether when applied in irrigation wa- 
ter to corn, 3 experiments were conducted 
during the spring and summer of 1939. 
For each experiment corn of the Oregon 
Evergreen variety was planted in furrows 
3 feet apart and 6 inches deep, in 4 blocks 
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each 15 feet long and 12 furrows wide. 
Each row constituted a plot. Between 8 
and 13 days after planting, dichloroethyl 
ether was applied in concentrations of 1.7, 
3.4, and 5.1 ounces per 100 gallons of wa- 
ter, each at the rate of 1, 2, and 3 gallons 
of solution per foot of row. In each experi- 
ment the 9 treatments and 3 controls were 
assigned at random to the 12 plots within 
each block. The dichloroethy!l ether was 
measured by cubic centimeters in a glass 
evlinder graduate and added to a 100-gal- 
lon spray tank full of water. The solution 
was applied in measured quantities to the 
furrows by means of a garden hose. In 
each experiment three blocks were used to 
study the effect of the treatments on the 
wireworm population, and the fourth to 
determine the effect on plant growth. 

Larval mortality was determined by 
taking five one-eighth-square-foot sam- 
ples to a depth of 12 inches in each plot, 
usually between the sixth and eighth days 
after treatment. The soil sampler was 
driven to 4-, 8-, and 12-inch depths, and 
each 4-inch layer of soil was removed and 
sifted separately. Larvae were considered 
dead only when they had reached a disin- 
tegrated state or had turned black. Inac- 
tive and natural-colored larvae were 
placed in salve cans in moist soil and re 
examined 1 or 2 weeks later. 

In the first experiment the corn was 
planted on March 16 and was treated on 
March 29, after it had reached a height of 
a half inch. Rains and low soil tempera- 
tures, which averaged 56° F. at the 4-inch 
depth during the period, tended to lessen 
larval activity, and as a result the wire- 
worm population per foot of row was lower 
than anticipated. In the second experi- 
ment the corn was planted on April 17 and 
treated on the 24th. Soil temperatures at 
the 4-inch depth during this period aver- 
aged 71° and were responsible for a slightly 
higher build-up of wireworm numbers. In 
the third experiment the corn was planted 
on May 25 and treated on June 3. Wire- 
worms were even more abundant in the 
rows at this time because of soil tempera- 
tures which averaged 76° at the 4-inch 
depth. 

Owing to the similarity of the three ex 
periments and the results, they may be 
considered as a single experiment of nine 
replicates. No attempt was made to caleu- 
late the per cent mortality for each plot 
because at the time of sifting many of the 
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dead wireworms were in a blackened and 
disintegrated condition and consequently 
could easily have been overlooked. The 
data were expressed in terms of the num- 
ber of living and dead wireworms recov- 
ered. These data when analyzed by the 
method of analysis of variance showed 
that the dichloroethyl ether, with the ex- 
ception of the 1-gallon application of the 
1.7-ounce concentration, was effective in 
reducing the wireworm population in the 
rows. According to a further analysis, the 
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tively. At the 8-inch depth the average 
moisture content before treatment was 12 
per cent and after treatment increased to 
15.2, 18.5, and 17.7 per cent. The increase 
at the 12-inch depth was very slight. Be- 
fore treatment the moisture content aver- 
aged 12.2 per cent, as compared with 14 
after treatment with 1 gallon, 13.6 with 2 
gallons, and 12.7 with 3 gallons. The low 
moisture percentage obtained with 3 gal- 
lons may have been due to the fact that 
the furrows were too shallow and required 


Table 2.—Living and dead sugar-beet wireworms found in soil around sweet corn after dichloro- 
ethyl ether in various concentrations had been added to irrigation water. 
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significant, 
an indication that increases in concentra- 
tion did not materially influence the rela- 
tive effect of different rates of application. 
The results summarized in table 2 showed 
that the higher concentrations and the 
larger quantities of solution were the more 
effective in combating wireworms attack- 
ing corn. 

Following all treatments except that 
with the 3.4-ounce concentration, over 94 
per cent of the larvae were recovered in the 
first 8 inches of the soil, where the highest 
mortality obtained. In the 
treated with water most of the larvae were 
taken while feeding on the inside of the 
kernels, whereas in the treated rows no 
similar feeding activity was noted. 

Soil-moisture samples were taken prior 
to and after treatment so that the extent 
of depth penetration of the different quan- 
tities of solution could be determined. At 
the 4-inch depth the per cent moisture be- 
fore treatment averaged 11.3 as compared 
with 17.8, 19.7, and 19.8 per cent after 
treatment with 1, 2, and 3 gallons, respec- 


interaction variance was not 


was rows 


considerable ridging up to prevent over- 
flow. The dry soil on both sides absorbed 


considerable moisture, which otherwise 
would have penetrated to the lower 
depths. 


The various concentrations of dichloro- 
ethyl ether did not appear to have had any 
effect on the growth of the corn, nor was 
there any marked difference between the 
root systems of the treated and the un- 
treated plants. 

EXPERIMENTS ON Tomatores.—In pre- 
liminary tests in 1937, 100 young tomato 
plants were placed 3 feet apart in a fifth- 
acre plot on June 4 and were artificially in- 
fested with 10 wireworms per plant on 
June 10. On the day following, treatment 
was made with dichloroethyl ether at con- 
centrations of 20, 30, and 41 ounces per 
100 gallons of water and applied at the 
rate of 1, 2, and 4 quarts of solution per 
plant. Each of the nine treatments and 
control of water only were replicated 10 
times in single-plant plots arranged in a 
latin square. The usual procedure in treat- 
ing was to excavate an area around each 
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plant of a size sufficient to hold the quan- 
tity of solution to be applied. To deter- 
mine the effect of treatment on plant 
growth, an additional latin square experi- 
ment was set up in the same manner ex- 
cept that the tomatoes were cultivated 
and irrigated at intervals. The wireworm 


Table 3.—Living and dead sugar-beet wire- 
worms found within a 4-inch radius of artificially 
infested Pearson tomato plants following applica- 
tions of different concentrations and quantities 
of dichloroethy! ether. 
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20 3 9 ? S35 6S 66 
Water alone 77 ; 





mortality was determined 4 days after 
treatment by removing the soil within a 4- 
inch radius of each plant to a depth of 12 
inches and sifting this soil through a screen. 

Good results were obtained with all con- 
centrations when 2 or 4 quarts of solution 
were used per plant (Table 3), but with 
the 4l-ounce concentration some of the 
plants were killed or their growth re- 
tarded. Indications were that weaker con- 
centrations should have been tried and ap- 
plied when the tomatoes were first set out, 
so as to prevent wireworm injury while 
the plants were establishing their root sys- 
tems. 

In 1939 Italian tomatoes that had been 
planted 5 feet apart on May 16 were 
treated with dichloroethy! ether in con- 
centrations of 7, 10, 14, and 17 ounces per 
100 gallons of water and applied at rates 
of a half-gallon and 1 gallon per plant. Du- 
plicate latin square experiments with 10 
replicates each were conducted in the 
same general manner as in 1937. Owing to 
the low wireworm population, each to- 
mato plant was artificially infested with 
three wireworms placed at an 8-inch depth 
on the day following planting. Larval mor- 
tality was determined by sifting the soil 
within a 4-inch radius and to a depth of 10 
inches around each plant. To determine 
the time the various concentrations would 
retain their repellent effect, half the one- 
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plant plots, or the alternate rows, were 
sifted 1 week and the remainder 2 weeks 
after treatment. 

After 1 week no living wireworms were 
present around the plants treated with the 
three higher concentrations at the rate of 
1 gallon per plant (Table 4). Very few 
were found around those treated with a 
half-gallon of solution, whereas those 
which received water only had an average 
of 1.8 wireworms per plant. After 2 weeks 
there were fewer wireworms around the 
plants receiving the water treatment and 


Table 4.—Living and dead wireworms found 
within a 4-inch radius of artificially infested 
tomato plants following applications of different 
concentrations and quantities of dichloroethy] 
ether. 





NuMBER or WireEWoRMS 


PER PLAN1 


Fivip PINTS 
OUNCES Or Living Dead 
INSECTI- SOL 
CIDE rlON After After \fter After 
PER 100 PER | 2 . 
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e 8 iD | 4 4 
17 n ) , l 
1+ - 7 : 
t | I : 
8 0 0 ; () 
10 , 
‘ s } 
7 re ; rT 0 l 
‘ rl ) ] i) 
S 1S > t) ) 
Water only } 9 ‘ ‘) 
Ventura Globe ¢ f 
- ") 0 0 Js | 
17 | 2] U Is 2 
2 | | 16 , 
14 ; 
" | | 4 
2 2 = 
) 
l 1 6 Ww 1S} 4 
. 2 5 9 3 l 
‘ | 11 1 4 AL 
» 28 i) ) 1) 
Water only , 1s - 0 0 





an increase in the wireworm population 
around the treated plants, which was due 
in part to the recovery of six larvae feed- 
ing on a piece of corn stubble at the 10- 
inch depth, or beyond the range of the 
half-gallon application. 

An inspection of the plants the first and 
second weeks after treatment showed that 
the root systems of the treated plants, es- 
pecially those receiving the 10-, 14-, and 
17-ounce concentrations, were not so well 
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developed as those of the plants treated 
with water. There was a slight reduction 
in the number of new roots on the plants 
treated with the 7-ounce concentration. 
Examinations were made periodically, 
and it was observed after 8 weeks that 
there was no appreciable difference in size 
between plants treated with the 7- and 10- 
ounce concentrations and those treated 
w.th water, but most of the plants treated 
with the 14- and especially the 17-ounce 
concentrations were either stunted = or 
killed. 

Examination of many injured tomato 
plants showed that practically all points 
of entrance of wireworms in the stems 
were made above the roots or from 4 to 5 
inches below the surface. It appeared un- 
necessary, therefore, to apply large quan- 
tities of solution to penetrate below the 
root system. In the next experiment the 
same concentrations were used, but the 
quantity of solution applied per plant was 
reduced to 1L pint and 1 quart. The pro- 
cedure was the same, except that tomatoes 
of the Ventura Globe variety were used. 
Planting was completed on June 5, and on 
the day following the plants were arti- 
ficially infested with 10 wireworms each 
and then treated on June 7. 

There was a decided reduction in wire- 
worm population and a high wireworm 
mortality especially at the end of the first 
week, among the plants treated with the 
higher concentrations (Table 4). Because 
of the small percentage of wireworms re- 
covered, it is believed that many of those 
introduced had migrated to lower depths 
or below the sifted area in order to escape 
the high soil temperatures (average maxi- 
mum 88° F. at 4 inches) during the week 
following treatment. Examinations made 
the first and second weeks after treatment 
showed that the root systems of the plants 
especially those treated with the higher 
concentrations, were not so well developed 
as those of the plants treated with water. 
\fter 2 months, however, there was no dif- 
ference in size between the plants treated 
with 7- 
those treated with water. 

Rerpettent Errect or  Sawpust 
Treatep with DicnLorortHyL Erner. 

In an experiment conducted in an in- 
fested potato field during 1939, 2 pounds 
of vellow pine sawdust to which 13.5 
ounces of dichloroethyl ether had heen 
added, was mixed with 20 pounds of am- 


and 10-ounce concentrations and 
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monium sulfate and drilled alongside of 
potato seed pieces for a distance of 420 
feet. The seed drill was so set that the mix- 
ture was put in at a distance of about 2 
inches on each side and at a depth of 4 
inches, or the approximate planting depth 
of the potatoes. 

In a total of 90 seed pieces dug and ex- 
amined 7 to 17 days after treatment, only 
+ living wireworms were found, whereas 
99 were found in 90 comparable pieces 
from untreated rows. By sifting soil taken 
from these rows 11 to 14 days after treat- 
ment, averages of 1.8 and 8.8 living wire- 
worms per square foot were found in the 
treated and untreated rows, respectively. 
An average of 1.1 dead wireworms per 
square foot was found in the treated rows 
but none were found in the untreated 
rows. 

FLoopING ExprerimMents.—lIt has been 
demonstrated that a high percentage of 
wireworms are killed when the soil is kept 
flooded for 7 to 10 days during the sum- 
mer and when soil temperatures in the 
first 12 inches average 70° F. or above 
(Lane & Jones 1936, Campbell & Stone 
1938). This method of control, however, 
has not been generally adopted by growers 
in California because of the cost of water 
and labor and the ineffectiveness of flood- 
ing during periods of low temperature. 

Preliminary experiments were con- 
ducted in May and June 1938 to deter- 
mine whether the addition of small 
quantities of dichloreothyl ether in irriga- 
tion water would aid in accelerating wire- 
worm mortality and subsequently shorten 
the flooding period. In one plot, 14 by 20 
feet in size, containing firmly packed soil 
of a sandy-loam texture, irrigation water 
containing 1.38 ounces of dichloroethy] 
ether per 100 gallons of water was applied 
to the soil surface at the rate of 2.6 gallons 
of solution per square foot. This quantity 
of solution caused an 87-per cent reduc- 
tion in population in the first 8 inches of 
the soil, but only a 44-per cent reduction 
between 8 and 12 inches, where 53 per 
cent of the wireworms were located. 

In three other plots less effective results 
were obtained when the dichloroethyl 
ether was applied in furrows at the rate of 
0.8 gallon per square foot of soil surface. 
Although these preliminary tests did not 
prove highly satisfactory, the indications 
were that better results would have been 
obtained had they been carried on earlier 
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in the season, when the wireworms were 
nearer the surface. 

TOLERANCE OF Various Crops TO 
DicuLoroetHyL Etruer.—The growth of 
sugar beets did not appear to be affected 
by dichloroethyl ether when added to irri- 
gation water at a concentration of 3.4 
ounces per 100 gallons. The solution was 
applied in a trench along one side of the 
rows 17 days after planting, at the rate of 
0.9 gallon per foot of row. Samples of 20 
mature beets each taken at random from 
the treated rows and the rows which re- 
ceived water only weighed 33 and 29 
pounds, respectively. 

No injury was noted to set onions 
(White and Brown Globe) planted in 
trenches and treated 2 weeks later with 2.7 
to 3.4 ounce concentrations of dichloro- 
ethyl ether per 100 gallons of water at the 
rate of 1 to 1.4 gallons of solution per foot 
of trench. 

Cabbages treated 27 days after being 
set out with concentrations of 20 and 30 
ounces of dichloroethyl ether per 100 gal- 
lons of water, at the rate of 0.25, 0.5, and 1 
gallon of solution per plant, also were un- 
affected by the treatment. 

Lima beans were planted in furrows on 
alternate days for 14 days following the 
application of a solution containing 3.4 
and 5.1 ounces of dichloroethyl ether per 
100 gallons of water at the rate of 1 gallon 
per foot of row. Attempts to repel wire- 
worms by this method proved unsuccess- 
ful, as the beans in both treated and 
untreated rows (water applied) rotted. 
This rotting may not have been caused by 
the dichloroethyl ether in the water, for 
lima beans are readily susceptible to rots 
in soil having an excess of moisture. 

Discussion.—The practicability of con- 
trolling wireworms by applying dichloro- 
ethyl ether to irrigation water and to baits, 
or by direct application of weak solutions 
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to plants, depends entirely on the degree 
of tolerance of seeds or plants treated. As 
reported in this paper, some plants were 
adversely affected and therefore the treat- 
ment of new crops should be made with 
caution. Further investigations should be 
conducted to determine the effectiveness 
of this material in soils of different types 
and its effect on other plants and on varie- 
ties of the same plants. 

SumMARY.—The treatment of bait rows 
with concentrations of 0.2 to 1.2 ounces of 
dichloroethyl ether per 100 gallons of wa- 
ter at rates of 4 to 6 gallons of solution per 
foot of row resulted in wireworm mortali- 
ties of 81 to 100 per cent. The addition of 
small quantities of emulsified dichloro- 
ethyl ether directly to tap water resulted in 
high mortalities of wireworms in cages 
placed in trenches at different depths and 
distances from point of application. Simi- 
lar results were obtained when potatoes 
and corn planted in furrows were treated 
with 3.4 and 5.1 ounces of dichloroethyl 
ether per 100 gallons of water at rates 
ranging from 1 to 3 gallons of solution per 
foot of row. There was no injury or retar- 
dation in the growth of these plants or of 
sugar beets and onions. The root systems 
of newly-sct tomato plants were affected 
by one application of 7- and 10-ounce con- 
centrations of dichloroethy! ether per gal- 
lon of water, but after 2 months there was 
no difference in size between the treated 
root systems and those receiving water 
only. Wireworms were both repelled and 
killed by application of a mixture of ferti- 
lizer and sawdust treated with dichloro- 
ethyl ether to seed pieces at the time of 
planting. The wireworm population of 
small plots was reduced 21 to 65 per cent 
by applications of weak concentrations of 
dichloroethyl ether in irrigation water car- 
ried to furrows or on the surface. 

7-23-42. 
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Effect of the Addition of Sulfonated Oil on the Toxicity of 
Cube and Derris to Plant Bugs 


Ropert A. Futron and Neate F. Howarp, U 


S. Department of Agriculture, Bureau of Entomology 


and Plant Quarantine 


In previous work the writers (1938 
demonstrated that the toxicity of ro- 
tenone-bearing roots (cube and derris) 
against certain sucking bugs, such as the 
squash bug, Anasa tristis(DeG.), harlequin 
bug, Murgantia histrionica (Hahn), and 
the large milkweed bug, Oncopeltus fasci- 
atus (Dall.), was markedly increased when 
mineral oil or certain vegetable oils were 
added. 

Natural vegetable-oil emulsions at low 
concentration (0.5 to 1.0 per cent) have a 
tendency to break without adequate agi- 
tation. Sulfonated vegetable oils! are 
miscible or emulsible with water, and this 
property would eliminate the difficulties 
found in preparing stable emulsions. 

The laboratory tests reported in this 
paper were undertaken to obtain data on 
the comparative effectiveness of various 
vegetable oils in the natural and _ sulfon- 
ated form when combined with derris or 
cube. 

The test insects used were adult har- 
lequin bugs reared in the laboratory and 
adult squash bugs collected in the field. 
In the case of the squash bug the effect 
of the addition of acetone to the sprays 
was also tested. 

PREPARATION OF SPRAY MIXTURES. 
The weighed samples of cube or derris 
were first covered with the oils and mixed, 
sufficient time being allowed for the 
powder to soak up the oil. Acetone was 
used in some of the cube sprays at a rate 
to give a content of 1 per cent in the final 
spray mixture. It was added to the pow- 
dered root 1 hour before the spray was 
prepared and before the oil was added. 
The emulsions in which natural oils were 
used were prepared in the manner previ- 
ously described by the writers (1938). The 
natural oils were emulsified with sodium 
lauryl sulfate 100 grams to 50 gallons. 
Cube powder (1.D. No. 4264) containing 
4.1 per cent of rotenone and 12.6 per cent 
of total extractives was used at a rate 
which gave a rotenone content of 0.0062 
per cent in the spray. Derris powder (I.D. 


< 


3874) containing 3.5 per cent of rotenone 


Oils treated with sulfuric acid 


and 18.2 per cent of total extractives was 
used at a rate which gave a rotenone con- 
tent of 0.01 per cent in the spray. Oil was 
added to the derris sprays at the rate of 
0.5 per cent and to the cube sprays at the 
rate of 1 per cent. Derris sprays were 
used against the harlequin bug and cube 
sprays against the squash bug. 
Laboratory Trsts.—For each test 50 
bugs were confined in a screen cylinder 





Fic. 1.—Radish holder for feeding harlequin bugs. 


which was placed on a rotating table. The 
cylinder was approximately 10 inches 
high and 6 inches in diameter and was 
made of 16-mesh wire cloth. After all the 
bugs had crawled to the sides or top of 
the cage, they were sprayed with 15 ml. 
of the insecticide, applied with a paint- 
spray type of atomizer at a constant pres- 
sure of 10 pounds, the nozzle being raised 
and lowered at a uniform rate. The bugs 
were immediately removed to screen 
cages 6 by 6 inches and placed in a con- 
stant-temperature cabinet which was held 
at 80° F. for the duration of the test. 
The relative hunidity was maintained at 
4 per cent during the tests on the harle- 
quin bug and at 50 per cent during the 
tests on the squash bug. Each test was 
repeated once. 

Fresh food was supplied to the harle- 
quin bugs by placing a small radish in a 
special holder (Fig. 1), the food being 


867 








S65 


replaced every 24 hours. Previous experi- 
ence had shown that it was not necessary 
to supply food or water to the squash 
bugs during the test period. 

Fietp Tests on Fouiace ToLerance. 

Cube sprays containing 0.02 per cent 
of rotenone in combination with the na- 
tural and the sulfonated forms of peanut, 


Jor RNAL OF Kx ONOMIE 





Vol. 35. No. a 


ENTOMOLOGY 
sulfonated form than in the natural form. 
On the other hand, soybean oil, coconut 
oil, castor oil, and linseed oil were signifi- 
cantly more toxic in the sulfonated than 
in the natural state. The same may be 
true of the corn oils, but the difference 
only slightly exceeded that required for 
significance. 


Table 1.—Comparative toxicity of derris sprays containing various natural and sulfonated oils 
against the harlequin bug. Temperature 80° F. and relative humidity 40 per cent. 





Arter 24 Hours 
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Spray Mixturi Dead Alive Mortality 
Olive 

Sulfonated 68 3 69 

Natural 71 29 71 
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Natural 54 6G 54+ 
Soybean 
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Natural ‘3 68 7 
Cocoanut 

Sulfonated 57 2 OS 

Natural 42 58 4 
( astor 

Sulfonated 51 49 51 

Natural Is 83 18 
Linse ed 

Sulfonated ij 4 6 

Natural ld SO 1S 
Corn 

Sulfonated +t 6 +4 

Natural 36 65 4} 
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Sulfonated 53 +9 32 

Natural | +9 51 
None (derris alone 6 95 6 
Check (no treatment 0 100 0 


Difference required for significance at 99:1 
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Data analyzed for variance by R. H. Nelson (Snedecor 1937 


soybean, and grape’ruit-seed oils (1 per 
cent) were applied to squash (four va- 
rieties), melon, cucumber, cabbage, col- 
lard, and kale in the field. 

Resutts anp Conciusions.—The re- 
sults of laboratory tests with the harle- 
quin bug, in which eight vegetable oils, 
in both the natural and sulfonated state 
were used, are shown in table 1. 

None of the oils was less toxic in the 


All the oil-bearing derris sprays were 
significantly better than derris alone, 
which did not differ from the untreated 
check. 

The most toxie combinations, 
did not differ among themselves 
which were significantly superior to the 
other sprays, were those containing sul- 
fonated and natural olive oil and sul- 


W hich 
and 


fonated soybean oil. 
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Since sulfonation of the oil did not de- 
crease the toxicity of the derris spray and 
in some cases significantly increased it, 
and since sulfonated oils are miscible or 
emulsible with water and natural oils are 
not, it would appear that the particular 
oils should be used in the sulfonated form. 

The results of the tests with the squash 
bug are shown in table 2. 

The addition of 1 per cent of acetone 


significantly increased the toxicity of 
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On melon, cucumber, and the four 
varieties of squash injury was detected 
from all the natural and the sulfonated 
oils. On cabbage, collard, and kale the 
natural oils destroyed most of the typical 
sheen of the leaves, but natural grape- 
fruit-seed oil was the least injurious. After 
the natural sheen disappeared, the plants 
assumed a yellow-green appearance. The 
sulfonated oils of peanut, soybean, and 
grapefruit seed affected the sheen to a 


Table 2.—Comparative toxicity of cube sprays containing various natural and sulfonated oils against 
the squash bug. Temperature 80° F. and relative humidity 50 per cent. 





(\rrer 48 Hours 


Oit Usep iN Bugs Bugs 
Spray Mixturi Dead Alive 
Peanut 
Natural 
With acetone SY 12 
Without acetone ol 19 
Sulfonated 
With acetone SO LS 
Without acetone a7 +4 
Sovbean 
Natural 
With acetone +4 67 
Without acetone 2 97 
Sulfonated 
With acetone S4 16 
Without acetone $3 67 
Grapefruit seed 
Natural 
With acetone 79 21 
Without acetone 36 G4 
Sulfonated 
With acetone 67 $4 
Without acetone 28 72 
(heck (no treatment 0 99 


Difference required for significance at 99:1 


Mortality 
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Per Cent 
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56 61 40) 60 
++ 52 49 51 
2 6 93 6 
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' Data ar ed for variance by R. H. Nelson (Snedecor 1937 


every combination over its counterpart 
lacking acetone. With or without acetone, 


the sulfonated-oil mixtures were, in the 


case of peanut and grapefuit-seed oils, 
equal in effectiveness to and, in the case 
of soybean ol, superior to the correspond- 


ing combinations with natural oil. Re- 
garding sulfonated sovbean oil these 


results agree with those for the harlequin 
bug. 

It was noted that the physical proper- 
ties of sulfonated-soybean and sulfonated- 
peanut-oil mixtures are such that the cube 
particles remain in much 
longer than when mixed with water alone. 


suspension 


lesser degree. Sulfonated grapefuit-seed 
oil on cabbage and collard removed only 
an estimated 10 per cent and 5 per cent, 
respectively, of the natural sheen. A 
slight yellowing was noticed on kale. It is 
doubtful whether the practical use of any 
of the oils reported in this paper would be 
advisable on cruciferous crops almost 
ready for market. 
Summary.—-Laboratory tests against 
the harlequin bug and the squash bug, 
using certain natural and sulfonated vege- 
table oils in combination with derris or 
cube, indicated that the sulfonated oils 
are equal or superior to their natural 
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counterparts in toxicity to these insects. 
The sulfonated oils are preferable, because 
they are miscible or emulsible with water. 

In tests with the harlequin bug each 
oil used increased toxicity of derris very 
significantly. Sulfonated olive and soy- 
bean oils appeared outstanding. 

In tests with the squash bug the addi- 
tion of acetone to natural or sulfonated 
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oil-cube sprays significantly increased 
their toxicity. Without acetone sulfonated 
peanut oil-cube spray was superior to 
cube sprays containing sulfonated soy- 
bean or grapefruit-seed oils. 

Injury to cucurbits and crucifers may 
result from the application of oil, but 
sulfonated oils are less injurious than 
emulsified natural oils. 
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Effectiveness of Derris and Cube in Pickleworm Control! 


F.S 


Previous experiments (Arant 1940, 
1941) proved that derris-tale dusts con- 
taining | per cent rotenone were effective 
in controlling the pickleworm, Diaphania 
nitidalis (Stoll) under favorable condi- 
tions. In 1940, nine applications made at 
5-day intervals at the average rate of 15 
pounds per acre resulted in 83 per cent 
control of the insect in cataloupes. Ap- 
proximately 93 per cent control was ob- 
tained when the derris dust was applied 
at rates of 25 pounds per acre and above. 
In 1941, further experiments were de- 
signed to determine the effect of dusting 
cantaloupes with derris at different in- 
tervals and to determine the relative ef- 
ficiency of derris and cube against the 
pickleworm in cantaloupes and cucumbers. 

INTERVAL OF DustiING CANTALOUPES. 

In this experiment, 16 one-fortieth-acre 
plots were laid off with treatments ar- 
ranged in a latin square. Thirty-foot alleys 
were provided between the plots. Thirty- 
six hills of cantaloupes were planted on 
each plot April 26 and the missing hills 
were replanted May 10. Perfect stands 
were not obtained. 

Dusting was begun June 23 when the 
first fruits were set. A mixture of derris, 
tale, and flour, 5—-14-1,? was applied on dif- 
ferent plots at intervals of 5, 10, and 15 
days. Each of the 3 dusting treatments 
and a check occurred once in each row 
and once in each column of the latin 
square. Any application of dust washed off 


! Cotton States Branch Program, Memphis, 1942. 


2 Parts by weight. 


Anant, Alabama Agricultural Experiment Station, Auburn 


by rain within 24 hours was repeated until 
the dust had remained on the plants for a 
total of 24 hours. The first application on 
each dusted plot was at the rate of 12.5 
pounds per acre and, as the plants grew 
larger, the amount of dust was increased 
to 15 pounds and then to 17.5 pounds per 
acre. The average rate per application was 
approximately 14 pounds per acre. 

Frequent showers during the fruiting 
period of the cantaloupes reduced the 
effectiveness of dusting and stimulated the 
development of the fungus Macrosporium 
cucumerinum, which caused considerable 
damage to the cantaloupes. Of 11 dustings 
made at 5-day intervals, 8 were affected 
by rain within 24 hours. Only one appli- 
cation remained on the cantaloupes 72 
hours, unaffected by rain. 

The degree of control varied inversely 
with the length of time between dustings 
(table 1). One per cent rotenone dust, 
applied at intervals of 10 and 15 days, did 
not give satisfactory control under the 
conditions of this experiment. When the 
dust was applied at 5-day intervals, fair 
control, 61 per cent, was obtained. This 
treatment was only two-thirds as effective 
as in previous years. 

Dusting Late CANTALOUPES WITH 
Derris aND Cuse.—Eight one-fortieth- 
acre plots were laid off adjacent to the 
plots described in the previous experiment 
and 42 hills of cantaloupes were planted 
on each plot June 9. Nearly perfect stands 
were obtained on all plots. The plants 
grew rapidly and almost met between 
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Table 1.—The effectiveness of derris dust applied at different intervals for the control of the pickle- 


worm in cantaloupes, 1941. 








Ava. No. 


DustiInaG MELONS 
INTERVAL MATURED 
INSECTICIDE In Days PER PLor 
5 57.00 
Derris-tale-flour 5-14-1 10 71.25 
15 72.50 
None (Check) 76.50 


Ava. Per Cent Ave. No. Worm-FreE 


- MELONS 
Melons Cont rol serene 
infested of insect Per plot ‘Per acre 
36.84 60.72 36.00 1440 
71.23 24.05 20.50 820 
83.79 10.66 11.75 470 
93.79 4.75 190 





hills by July 24 when blossoms were be- 
coming plentiful. An inspection was made 
at this time and no pickleworm damage 
was found. On July 27, when the first 
application of dust was made, the tip of 
practically every cantaloupe runner had 
been killed by pickleworm larvae feeding 
within it. 

Three mixtures of 1 per cent rotenone 
dust were used in this experiment and 
each mixture was applied on 2 plots lo- 
cated at random in 2 blocks. Two un- 
dusted plots similarly located served as 
checks. The three dust mixtures consisted 
of the following materials: (1)—derris 5 
parts by weight, tale 14 parts, flour 1 
part; (2)—-cube 4 parts, tale 15, flour 1; 
(3)—derris 25 parts by weight; tale 64, 
flour 5; Cuprocide 6. The dusts were ap- 
plied at 5-day intervals. The first appli- 
cations were at the rate of 12.5 pounds per 
acre and the rate was increased suc- 
cessively to 15, 17.5, and 20 pounds per 
acre per application. A total of 12 dustings 
were made at the average rate of 17.5 
pounds per acre. Five of the dustings were 
washed off by the rain within 24 hours. 


Extremely heavy infestations of pickle- 
worms occurred on all dusted and un- 
dusted plots during the first three weeks 
of the dusting period. A large population 
of insects had developed on the adjoining 
plots of earlier melons. As the older can- 
taloupes became scarce the pickleworm 
adults migrated to the younger plants to 
lay their eggs. The resulting infestation 
practically devastated the first crop of 
cantaloupes even on the dusted plots and 
did considerable damage to the tips of the 
plants. It was not until the rate of dusting 
was increased to 20 pounds per acre that 
appreciable control was achieved. 

The average percentages of infestation 
and control are presented in table 2. It is 
obvious that practical control was not 
achieved, although worm-free melons 
were matured on the dusted plots at the 
rate of 750 to 2080 per acre as compared 
with no worm-free melons on the checks. 
Derris was more effective than cube. 

The cantaloupes dusted with derris and 
Cuprocide retained their foliage longer 
and produced significantly higher yields 
than those on other plots. The pickle- 


Table 2.—Effectiveness of different 1 per cent rotenone dusts in the control of the pickleworm in 


late cantaloupes, 1941. 





Per Cent In- 





Per Cent Controt Ave. No. Worm- 











Ava. No. 
MELONS FESTATION IN oF INSECTS IN Free MELONS 
Per Piotr MELONS MELONS Per AcrE 
Har- Left on Har- Left on Har- Left on Har- Left on 
INSECTICIDES vested plants vested plants vested plants vested _ plants 
Derris, Tale, & Flour 95.50 12.00 65.44 33.33 34.56 66 .67 1820 380 
5-14-1 
Cube, Tale & Flour 94.50 19.00 80.42 34.21 19.58 65.79 750 460 
$-15-1 
Derris, Tale, Flour, & 115.00 15.50 54.78 19.35 45.22 80.65 2080 500 
Cuprocide, 25-64-5-6 
None (Check) 85.50 1.00 100.00 100.00 0 0 
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worm infestation also was lower than on 
the plots receiving derris without Cupro- 
cide, but this difference appeared to be a 
result of differences in the initial popula- 
tion of insects. 

Dusting CucuUMBERS WITH DerRIs 
nD Cuse.—The relative efficiency of der- 
ris and cubé in the control of the pickle- 
worm in cucumbers was tested on 6 one- 
fortieth-acre plots arranged in 2 blocks. 
Fifty-six hills of Straight Eight cucumbers 
were planted on each plot April 15 and 
excellent stands were obtained on 4 of 
the plots. On the other 2 the missing hills 
were replanted but only a few plants came 
up. One plot in each block was dusted 
with a derris-tale mixture containing | 
per cent rotenone. A second plot in each 
block received cube-tale dust of the same 
rotenone content and the remaining 2 
plots served as checks. The rotenone mix- 
tures were the same as the first two de- 
scribed in the preceding experiment. 

The first application of dust was made 
June 9, as soon as the cucumbers began 
setting fruit. Nine additional applications 
were made at 5-day intervals. All dustings 
were at the rate of 12.5 pounds per acre. 
Although showers became frequent during 
the latter part of the fruiting period, only 
3 applications of dust were washed off in 
less than 24 hours after they were made. 

The pickleworm infestation was deter- 
mined by harvesting all cucumbers half- 
grown or larger at 3- to 6-day intervals 


Table 3.—The effectiveness of 1 per cent ro- 
tenone dusts in control of the pickleworm in 
cucumber, 1941. 





AVERAGE Ave. Per Cent 
No. 

FRUITS Control 
PER Fruits of 


INSECTICIDE Pio infested —_ insects 
Derris, Talc, and 770.0 2.86 93.28 
Flour, 5-14-1 
Cube, Tale, and 733.5 8.79 79.35 
Flour, 4-15-1 
None (Check) 1248.5 $2.57 





1 The average yield was reduced by a poor stand on one plot 
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and examining them for larvae. In addi- 
tion, all infested cucumbers 
were harvested regardless of size. After 
examination, the infested cucumbers were 
placed in the alleys adjacent the plots 
from which they had been removed. 

The pickleworm infestation was light 
during the month of June, but became 
very heavy during the latter part of July. 
The average percentages of infestation 
and control are presented in table 3. The 
infestation on the plots treated with der- 
ris was significantly lower than on those 
treated with cubé. The total vield and the 
number of worm-free cucumbers were re- 
duced on the dusted plots by a poor stand 
on one plot in each dust treatment. 

SumMary.—-During a period of fre- 
quent rainfall 1 per cent rotenone mixture 
of derris, tale, and flour did not give satis- 
factory control when applied to canta- 
loupes at 10 and 15-day intervals; when 
applied at 5-day intervals, the mixture 
gave 61 per cent control. This treatment 
was only two-thirds as effective as in 
previous years during more favorable 
weather conditions. Pickleworm infesta- 
tion was extremely heavy in late canta- 
loupes grown adjacent to plots of earlier 
melons. Derris and cubé dusts containing 
1 per cent rotenone did not reduce the in- 
festation materially until the dosage was 
increased to 20 pounds per acre per appli- 
cation. Twelve dustings at the average 
rate of 17.5 pounds per acre did not give 
practical control, although worm-free 
melons were matured at the rate of 750 
to 2080 per acre on the dusted plots as 
compared with none on the checks. Derris 
was more effective than cubé. Cuprocide 
incorporated into one of the dust mixtures 
resulted in healthier plants and higher 
yields than were obtained on plots not 
dusted with Cuprocide. Ten applications 
of 1 per cent rotenone dust applied at 5- 
day intervals at the rate of 12.5 pounds 
per acre gave satisfactory control of the 
pickleworm in cucumbers during a period 
of favorable weather. Derris gave 93 per 
cent control and cube, 79 per cent. 
6-27-42. 


observed 
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Relative Effectiveness of Several Rotenone-Containing 


Insecticides Against Various Insects' 


FS 


During the past few years rotenone 
insecticides have become increasingly im- 
portant in the control of insect pests in 
Alabama and throughout the country. 
Roark (1941) reported that the importa- 
tation of rotenone-bearing roots into the 
United States increased from practically 
nothing in 1980 to over 6,500,000 pounds 
in 1940. The importations in 1940 were 
equivalent to 25 to 30 million pounds of 
diluted insecticidal dust suitable for agri- 
cultural use. 

Rotenone-bearing roots contain, in ad- 
dition to rotenone, a number of  sub- 
stances referred to collectively as rote- 
noids (Roark 1940). These substances 
include deguelin, tephrosin, toxicarol, 
sumatrol, and related compounds. David- 
son (1930) reported various constituents 
of derris toxic to Aphis rumicis in the fol- 
lowing order: rotenone > deguelin > teph- 
rosin >toxicarol. Shepard & Campbell 

1932) reported the same order of toxicity 
to silkworms in leaf-sandwich tests. In 
each study rotenone was considerably 
more toxic than the other compounds and 
toxicarol was nearly nontoxic. Gross and 
Smith (1934) developed a_ colorimetric 
method for determining the amount of 
rotenone and deguelin in derris and cube. 
This method was improved by Goodhue 

1936) and is referred to in this paper as 
the Goodhue method. In 1935 Jones, et al. 
found the rotenone-deguelin color value 
to be a better indication of toxicity to the 
housefly than either the rotenone or total 
extractives content. Roark (1941) in a 
review of information on rotenone insecti- 
cides concluded that rotenone and 
guelin are the known compounds in these 
insecticides of noteworthy toxicity to 
insects, although there are possibilities of 
others, especially in Lonchocarpus and 
Tephrosia. The insecticidal constituents of 
Lonchocarpus and Tephrosia are not as 
well known as those of derris 

Rotenone insecticides in the form of 
derris-sulphur mixtures were first used 
experimentally in Alabama in 1933 and 
1934. In 1935 derris was recommended 
generally to farmers (Arant 1935) for the 


Cotton States Branch Program, Memphis, 1942 


Anant, Alabama Agricultural Experiment Station, Auburn 


control of certain garden insects and it 
became popular almost immediately. In 
subsequent years cube and timbo were 
included in recommendations on control 
of vegetable insects and other pests 
(Arant 1939, 1941). Excellent results were 
reported by vegetable growers from the 
use of derris dusts containing 0.5 per cent 
rotenone during the first two or three 
years. About the time cube and timbo 
came into general use in the state (often 
sold as derris) complaints of poor control 
of insects became common. Some of the 
unsatisfactory dusts were the result of 
poor mixing and the use of unsuitable 
diluents such as commercial sulphur flour. 
In other instances, however, dusts of 
seemingly good quality appeared less ef- 
fective than others of the same guaranteed 
rotenone content. Literature references 
(Roark, 1988) also indicated difference in 
effectiveness of different rotenone-con- 
taining insecticides. 

During the past several years experi- 
ments have been conducted at the Ala- 
bama Station to determine the relative 
efficiency of rotenone-containing insecti- 
cides against certain vegetable and other 
test insects. Results of experiments con- 
ducted from 1938 to 1941 are presented in 
this report. 

ProcepurE.—In_ laboratory — experi- 
ments three methods were used in testing 
the efficiency of rotenone insecticides. 
The first method consisted of feeding the 
insecticide to the insects in leaf sand- 
wiches and determining the median lethal 
dose by the method of Campbell & Filmer 
(1929). In the second method the insec- 
ticide, after being blown at constant pres- 
sure into a bell jar, was permitted to settle 
on food (and in some instances the insect) 
for a measured period of time. The weight 
of insecticide per unit area of food was de- 
termined and the mortality of insects on 
food receiving comparable doses of the 
various insecticides was used as a measure 
of efficiency. In the third method, the 
insect was given a maximum coating of 
dust by shaking it gently in a test tube 
with a little of the powdered insecticide. 
The insect was then placed on food and 
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observed at intervals to determine mor- 
tality. Checks were included in all tests 
and an effort was made to determine the 
effect of any diluents used with the insec- 
ticides. 

In all experiments where the dosages of 
insecticides were measured, the insecti- 
cides were previously sieved and ground 
by fractions in a ball mill to pass a 200- 
mesh sieve. The fractions then were 
mixed thoroughly to insure near uni- 
formity. Where diluents were mixed with 
the insecticides a chemical study was 
made by the Goodhue method, to deter- 
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The rotenone content guaranteed by 
the manufacturer was used as a basis for 
comparisons of effectiveness and no at- 
tempt was made to analyze the insecti- 
cides for rotenone. All samples, however, 
were analyzed by the Goodhue colori- 
metric method for the combined rotenone 
and deguelin' content. Since this method 
gives a satisfactory estimate of the princi- 
pal insecticidal substances in rotenone- 
bearing roots, the substances thus deter- 
mined are referred to collectively as “‘prin- 
cipal toxins.”’ The terminology is used for 
convenience only and no claim is made 


Table 1.—Composition and relative toxicity of rotenone insecticides to larvae of the catalpa spbinx 








UNITS OF M.L.D. In MoM./oM 
Per Cent PRINCIPAL or INSECT 
Toxtns® PER 

Total Goodhue UNIT OF 1% Rotenone Principal 
Insecticipe Extractives' Rotenone Value? RoTENONE Dust Toxins 
Derris 14 4 9.6 2.4 07 0016 
Timbo 15 $ 6.3 1.6 1] 0018 
Cube 16 $ t.6 1.2 17 0019 
Tephrosia 1.5 3.3 2.2 07 OO15 
t Approximate only 
2 Goodhue value refers to the percentage of rotenone plus deguelin and perhaps related compounds as determined G ihue 


method 

} As determined by the Goodhue method 
mine to what extent the 
separated from their diluents while set- 
tling over the food of the insect. 

In the field tests, the insecticides were 
applied in dust form with a plunger-type 
hand dust gun. Usually, a weighed quan- 
tity of the insecticide was placed in the 
gun and distributed by dusting lightly 
over the plot several times until the gun 
was empty. In some instances unmeasured 
quantities of the insecticides were applied 
at heavy, and as nearly as possible, uni- 
form rates. 

All insecticides used were commercial 
grades purchased from reputable dealers, 
except the Tephrosia powder which was 
supplied by Dr. A. F. Sievers of the U.S. 
Bureau of Plant Industry. An attempt 
was made to determine through the im- 
porters of the plant roots the specific 
orogin of the materials sold as cube and 
timbo. Two samples of cube were listed 
unequivocally as Lonchocarpus utilis and 
a like number of timbo samples were 
“believed to be” Lonchocarpus urucu. Cer- 
tain chemical properties of the insecti- 
cides indicated the names of the products, 
however, had been reversed in later sam- 
ples from the same dealers. 


insecticides 


that it is an exact expression of all the 


rotenone and rotenoid substances toxic 
to insects. 

Resutts.—In leaf sandwich experi- 
ments with last-instar larvae of the 


catalpa sphinx, Ceratomia catalpae, Bdv., 
larvae which had recently moulted were 
found to be more susceptible to retenone 
insecticides than larger individuals near- 
ing the end of the same instar. The median 
lethal doses of the insecticides to last- 
instar larvae of small to medium size are 
given in table 1. Only 0.07 milligram of 
either derris or Tephrosia was required to 
kill a gram of insect as compared with 
0.11 milligram of timbo and 0.17 of cube. 
Results of chemical studies revealed that 
the units of principal toxins per unit of 
rotenone varied directly with the toxicity 
of the insecticide, i.e., they were highest 
in derris and lowest in cube. Thus, the 
amount of principal toxins required to kill 
a gram of insect was nearly the same in the 
various insecticides, but the insect in- 
gested over twice as much cube as derris 
in getting the lethal dose. 


Results of studies on the relation of 


Actually, this method determines only abo 
the deguelin (Jones 1939). 
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rotenone content to Goodhue values in 
derris, timbo, cube, and Tephrosia are 
presented in tables 2 and 3. The analyses 
in table 2 were done at Auburn; those in 
table 3 were taken from the literature 
Jones 1939). Each sample of derris 
studied at Auburn was higher in Goodhue 
value than any sample of timbo or cube 
of the same guaranteed rotenone con- 
tent. As a rule timbo was higher in Good- 
hue value than cube, but some exceptions 
were found. In the analyses from the lit- 
erature, 3 or 4 samples of derris and one of 
Tephrosia were higher in Goodhue value 
than timbo and cube, but the fourth sam- 
ple of derris was slightly lower. Timbo 
and cube contained about equal amounts. 
These data indicate that most commercial 
derris contains a greater quantity of the 
principal toxins per unit of rotenone than 
timbo and cube. 

Results of laboratory experiments on 
the relative efficiency of several rotenone 
insecticides against various insects 
presented in table 4. The number in 
parentheses, following each rotenone in- 
secticide in the table was derived by di- 


are 


Table 2.—Percentage of rotenone and Good- 
hue value in various rotenone insecticides. 








Per CENT UNITS OF 
PRINCIPAL 
Total Good Toxtns Per 
- ote- 
INSE« Extrac . m hue UNIT oF 
ia) t 
rICIDE tives Value RoTENON! 
Derris 14 } 8.3 2.1 
Derris 14 } 9.6 2.4 
Derris 14 t 8.1 2.0 
Derris 15 $ 8.5 2.1 
Cube 16 } 5.8 . a 
Cube 16 } +. 6 is 
Cube 14 } ) 2 l ; 
Cube 5 8.7 1.6 
Tunbo ld } 6.5 1.6 
limbo 15 } 6.3 1.6 
limbo 1S } + 7 ] 2 
limbo 5 7.4 1.5 
Tephrosia Lo 3.9 2.2 
Approximate onl 
viding the Goodhue value by the per- 


centage of rotenone. It the 
units of principal toxins per unit of ro- 
tenone. Derris and Tephrosia were more 
effective against 10 species of insects than 
either timbo or cubé and were at least as 
effective as Lonchocarpus against all spe- 
cies studied. As a rule timbo was more ef- 


represents 
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fective than cube but exceptions were 
noted. All of the rotenone insecticides 
tried were inefficient against 3 species of 
Lepidoptera and 1 of Hemiptera. They 


Table 3.—Records from the literature’ on the 
percentage of rotenone and Goodhue value in 
various rotenone insecticides. 








Per Cent UNITS OF 
~— — PrINcripau 
Total Good- TOXINS PER 
INsSEc- Extrac- Rote- hue UNIT OF 
TICIDE tives none Value RorTeENONE 
Derris 12.6 2.0 5.4 2.7 
Derris 16.5 3.6 8.4 2.3 
Derris 13.6 0.6 2.2 3.6 
Derris 16.7 5.8 10.0 hoe 
Cube 16.4 2.9 5.3 .8 
Cube 18.4 5.6 10.2 1.8 
Timbo 19.2 3.9 7.2 1.9 
Tephrosia 7.8 1.4 3.4 2.4 





t Jones, 1939. 


were moderately effective against another 
hemipterous insect, the squash bug, 
Anasa tristis (Deg.). No difference in the 
efficiency of derris, timbo, and cube could 
be noted against the nymphs of this spe- 
cies. In general an insecticide with a high 
Goodhue value was more effective than 
one of the same guaranteed rotenone con- 
tent with a lower Goodhue value. 

The results of field experiments on the 
relative efficiency of derris, timbo, and 
cubé were in agreement with those from 
laboratory tests (Table 5). Derris was 
more effective than timbo or cube against 
the insects studied. It is interesting to 
note that a derris-sulphur-lime-nicotine 
mixture, recommended by Brooks & 
Allen (1940), was more effective against 
the cabbage aphid, Brevicoryne brassicae 

L.), than derris without nicotine. When 
freshly prepared, the mixture was also 
effective against other insects, but after 
26 days in storage it was less effective 
against the Harlequin bug, Murgantia his- 
trinionica (Hahn), than derris dusts with- 
out lime or nicotine. A mixture of derris, 
tale, and nicotine was almost as effective 
against the aphid as the mixture contain- 
ing lime and the former did not lose its 
capacity to kill other insects during a 
period of several weeks. 

Discussion AND Conc.Lustons.—It is 
evident from the preceding results and 
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Table 4.—The relative efficiency of rotenone insecticides against various insects in the laboratory. 





MetTHOoD 01 
APPLYING 
INSECTICIDE 


NUMBER AND 
STAGE OF 


SPECIES INSECTS 





Orpber or INsecticipaL Errictency 


Leaf Sandwich Derris (2.4)' and tephrosia (2.2) >timbo 
1.6 Cube (1.2 


('eratomia 1038 Larvae 


catal pae 








E pilachna SSO Larvase Measured amt Derris 2] and te phr sin »o timho 
rarivestis dust on food 1.6 Cube (1.3 
Rhopalosiphun 3289 Nymphs Measured amt. on Derris (2.1), Tephrosia (2.2 nd Nicotine 
pseudobrassicae and adults insect and food 1% Cube (1.8 timbo (1.6 
Brevicoryne 1975 Nymphs Measured amt. on Nicotine? 1%), derris (2.1 and te phrosia 
brassicae and adults insect and food 2.2) >timbo (1.3 
Leptinotarsa 1080 Larva 1. Measured amt Derris (2.1) >tephrosia (2.2)>timbo (1.6 
dessunlinegta and adults 2. Coating of insect Cube (1.3) and lead arsenat: 
Murgantia 900 Adults Insect coated and Derris (2.1) and tephrosia 9 . 
histriont 1 placed on food timbo 1.6 cube 1.3 
Vezara 145 Nymphs Insect coated and Derris (2.1), low in efficienc / 
riridula and adults placed on food 
Anticarsia 250 Larvae ] { oated 1 rris 21). cube 13). and timh 16 
gemmatilis » Placed on dust ineffective 
Feltia annera 110 Larvae Insect placed in Derris 21 and Is phros >v neffect . 
dust with food 
A pantesis 80 Larvae Insect coated and Derris (2.1). timbo (1.6). te phrosia 23). | 
phyllira placed m food and ‘ ube 1.3 lo vy in effic iene, | 
{nasa tristis* 151 Nymphs Insect coated and Cube (1.6 derris (2.1 Teo 15 
placed on food 
( hrysochus auritus 30 Adults Insect coated and Derris (2.1 cube (1.6 
placed on food 
Eve rgestis rimos lis O+4 Larvae Insect coated ind 1» rris (2.1 cubs 16 
place d on ft od 
{utographa 56 Larvae Insect coated and Derris (2.1 r cube (1.6 
brassicae placed on food 
Number in parentheses refers to units of principal toxins pe te 
Probably the most effect 
4 These larvae were half grown. Field tests Guvtor 1940) uw ted that tumbeo killed « 
‘ This species was moderately resistant to all rotet 
citations that rotenone-containing insec- mended for the control of specific insects. 


ticides vary greatly in their toxicity to 
different species of insects. Derris, timbo, 
cube, and Tephrosia also may vary in their 
effectiveness against the same _ species. 
This difference in effectiveness is not de- 
pendent entirely upon the rotenone con- 
tent or upon the percentage of total ex 
tractives, although the commercial evalu 
ation of rotenone insecticides is based on 
these two values. Recommendations on 
insect control are based principally on 


rotenone content. 
In some instances rotenone insecticides 
of specific plant origin have been recom- 


This practice at first appeared feasible, 
since derris and Tephrosia were more ef- 
fective than Lonchocarpus against 10 spe 
cies of insects studied; Lonchocar pus was 
more effective against none. Chemical 
studies, however, revealed that all sam- 
ples of derris and Tephrosia used in these 
experiments were higher in Goodhue 
value than the Lonchocar pus With one ex- 
ception, the Lonchocarpus with a high 
Goodhue value was more effective than 
that with a lower value. The amount of 
principal toxins required to kill a gram of 
catalpa sphinx larva was nearly the same 
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in cube as in derris, but in order to get a 
lethal dose the insect ate more than twice 
as much cube as derris of approximately 
the same rotenone content. Thus it ap- 
pears that an accurate evaluation of the 
toxic constituents is more important than 
a knowledge of the specific plant origin 
of the insecticide. Knowledge of specific 
origin would seem to be of value only 
when certain species are known to be con- 
sistently higher in insecticidal constitu- 
ents than others. 

Rotenone and deguelin are the principal 
insecticidal compounds known to occur in 
rotenone-bearing roots. Although these 
two compounds may vary in their relative 
toxicity to different species of insects, it 
has been shown that the percentage of 
rotenone and deguelin combined is a 
better indication of toxicity to several 
species of susceptible insects than the per- 
centage of rotenone alone. Since the Good- 
hue colorimetric method offers a_satis- 
factory procedure for estimating the ro- 
tenone-deguelin value, it seems that the 
content of principal toxins thus deter- 
mined might be used satisfactorily in 
evaluating roetnone insecticides. Instead 
of recommending a 0.75 per cent rotenone 
dust for Epilachna varivestis Muls., it 
would seem feasible to recommend a dust 
containing not less than 0.5 per cent ro- 
tenone and 1.2 per cent principal toxins 
Goodhue value). The best grades of 
derris used at Auburn meet the Goodhue 
requirement at 0.5 per cent rotenone con- 
tent, yet the pootest grades of cube may 
not meet the requirement at 0.75 per cent 
rotenone content. The insecticides could 
be mixed by the manufacturers to meet 
specifications and state regulatory serv- 
ices could easily check the content of 
principal toxins. At present, the sale of 
rotenone mixtures containing sulphur is 
poorly regulated because of the difficulty 
of analyzing such mixtures by the meth- 
ods in use.! 

Attention is directed to the fact that 
the derris, timbo, and cube used in these 
experiments were not analyzed for ro- 
tenone content by state or federal chem- 
ists. The colorimetric determination of the 
rotenone-deguelin in 16 samples, however, 
revealed that the materials used over a 
period of three years were consistently of 
about the same composition. In all sam- 


Unpublished report of the State Chet 1 Lab 


Alabama 


ples of derris, the units of principal toxins 
per unit of rotenone varied from 2.0 to 
2.4; in Lonchocarpus (cube and timbo) the 
variation was from 1.2 to 1.6. These 
values, although slightly lower, were in 
general agreement with results published 
by Jones (1939) in comparing different 
methods of analyzing derris, cube, and 
timbo. Thus, it appears that the analyses 
of the commercial chemists, as guaranteed 
by reputable manufacturers, may be ac- 
cepted as approximately correct in the 
samples studied. Regardless, however, of 
whether the rotenone content varied from 


_ Table 5.—The relative efficiency of rotenone 
insecticides against various insects in the field. 





NUMBER 


OF ORDER OF 
Srecies or Insect Tests INSeCTICIDAL EFrFricteNncy 
Diaphania nitidalis 
and D hy linata 4 Derris (2.1)! > Timbo (1.6 
>Cube (1.3 
D. nitidalis ry Derris (2.1) >Cube (1.6) 
M urgantia histrionica ; Derris (2.1) >Cube (1.6) 


Derris-tale-nicotine mixture 
and Derris-sulphur-lime- 
nicotine mix.? >derris-talc 


Breri oryne brassicae 


Leptinotarsa decen 

ineata $ Derris (2.1) >Cube (1.6) 
Epilachna varivestis 2 Derris (2.1) >Cube (1.6 
f{utographa brassicac 
Evergestis rimosalis 

Gsuen.) and Ascia 

ra pae l Derris (2.1) >Cube (1.6 





Number in parentheses refers to units of p-incipal toxine per 
unit of rotenone 
After 26 days, this mixture was lower in efficiency than the 
ther two in laboratory tests 


that guaranteed by the manufacturer, the 
insecticides used are representative of 
much of the material being sold under 
state and federal regulations for use by 
farmers, veterinarians, entomologists, and 
others. The variation in effectiveness of 
the different materials reemphasizes the 
need for improved methods of expressing 
the insecticidal value of rotenone-bearing 
products. 

SumMary.—Commercial samples of 
derris, timbo, and cube and samples of 
powdered Tephrosia roots from the U. 5. 
Bureau of Plant Industry were tested in 
the laboratory and field for insecticidal 
efficiency against several species of in- 
sects. Chemical studies were also made 
by the Goodhue method to determine the 
relation of the Goodhue rotenone-degue- 
lin value to rotenone content and insec- 
ticidal efficieney. 

Derris and Tephrosia were more ef- 
fective than Lonchocarpus of the same 
guaranteed rotenone content against the 
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following insects: Ceratomia catalape Bdv., 
Epilachna varivestis Muls., Rhopalosi- 
phum pseudobrassicae (Davis), Brevicoryne 
brassicae (L.), Leptinotarsus decemlineata 
Say), Murgantia histrionica (Hahn), Di- 
aphania nitidalis (Stoll), D. hyalinata (L.), 
Chrysochus auratus Fab., Evergestis rimo- 
salis (Guen.), and cabbage worms (mixed 
infestation in the field). The different in- 
secticides appeared moderately and 
equally effective against nymphs of Anasa 


tristis (Deg.). All rotenone insecticides 
tried were ineffective against Nezara 


riridula (1), Anticarsia gemmatilis (Hbn.), 
Feltia annexa (Treit), and Apantesis 
phyllira Drury. 

The median lethal doses of the various 
insecticides to last-instar larvae of Cera- 
tomia catalpae were expressed as milli- 
grams of a 1 per cent rotenone powder as 
follows: derris, 0.07; Tephrosia, 0.07; 
timbo, 0.11; cube, 0.17. Expressed as milli- 
grams of principal toxins (Goodhue ro- 
tenone-deguelin values), the doses were 
0.0016, 0.0015, 0.0018 and 0.0019 respec- 
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tively forderris, Tephrosia, timbo, and cube. 

In nearly every experiment, an insecti- 
cide with a high rotenone-deguelin value 
was more effective against a susceptible 
insect than one with a lower value. In 
many experiments, however, one insec- 
ticide was more effective than another of 
approximately the same rotenone con- 
tent. Each of four commercial samples of 
derris and one of Tephrosia were higher in 
rotenone-deguelin value than any of 8 
samples of Lonchocarpus of the same 
guaranteed rotenone content. Timbo usu- 
ally had a higher value than cube in the 
samples studied but exceptions were 
noted. Literature citations showed a 
higher rotenone-deguelin value for 3 or 4 
samples of derris than for any of 3 sam- 
ples of Lonchocar pus analyzed. These data 
indicate the inadequacy of rotenone con- 
tent alone to express the insecticidal value 
of a rotenone-bearing product and em- 
phasized the importance of the Goodhue 
rotenone-deguelin value as a_ supple- 
mentary expression.—6-27-42. 
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Life History and Habits of the Potato Flea Beetle 
in Western Nebraska’ 


Roscoe EF. Hiti and H. Doucias Tare, Department of Entomology, College of Agriculture, 
University of Nebraska 


In the potato-growing section of the 
North Platte Valley of western Nebraska, 
the difficulty of producing high quality 
potatoes frequently is greatly increased by 
the presence of destructive populations of 
the potato flea beetle Epitrix cucumeris 
Harris. Usually foliage injury by the 
adults is comparatively unimportant, but 
larval injury to tubers often greatly re- 
duces the quality of the crop. Since pre- 
vention of tuber injury by the larvae has 


extended downward from the sides of the 
cages. Unless food was available in the 
form of plant growth within the cages, 
either green potato foliage or cut tubers 
were supplied as long as any of the beetles 
remained active in the fall. When emer- 
gence began the succeeding spring (1941), 
all active beetles were counted and re- 
moved at regular intervals. Collections in 
an alfalfa field and along an irrigation 
ditch using a 15-inch insect sweeping net, 


Table 1.—Hibernation of Epitrix cucumeris in western Nebraska during the winter of 1940-1941." 





Per CENT SURVIVAL UNDER 
DirrERENT CONDITIONS 


EMERGENCE Data, Fretp Caceres, ALFALFA 
Fre_tp AND ALoNG IRRIGATION DitcH 


Total Av. 500 





Survival 

(spring emergence sweeps alfalfa 
Ground 1941) in and ditch 
cover per cent Date 4 cages bank 

600 Beetles introduced for each test) 

Potato soil May 16-20 0 30 
covered 3-4” May 20-30 17 67 
potato vines 34.5 May 30-June 10 153 76 

Potato soil—bare 16.2 June 10-20 240 182 

Rank growth June 20-30 34 112 
ground cherry 15.8 June 30-July 5 5 2 

Alfalfa stubble 8.3 

Ay 18.7 





Placed in cage between Sept. 20 and 28 
proven to be difficult, a study of this 
problem has been undertaken by the De- 
partment of Entomology. This paper is a 
report on the life history and habits of the 
potato flea beetle, particularly as related 
to control in western Nebraska. 
HiserNnation.—In the fall of 1940, 4 
cages (2’ 2’ x4’ in size and covered with 
cheesecloth) were placed over typical field 
environments and adult beetles intro- 
duced as indicated in table 1. The cheese- 
cloth cover was removed after the beetles 
had gone into hibernation in order to 
expose them to natural conditions. Prior 
to insect activity in the spring, a new 
cover was installed. Escape of the beetles 
through lateral movement in the soil was 
precluded by a 9-inch metal strip which 
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were made at the same time as a control. 

Emergence of the overwintered forms 
began on May 21 and continued until 
July 5, thus extending over a period of 45 
days. The maximum daily emergence oc- 
curred during the 4-day interval from 
June 10 to 13, inclusive. Of the 2400 
adults originally confined in the series of 
cages, 449 or 18.7 per cent survived the 
winter and emerged. As shown in table 
1 the survival ranged from 34.5 per cent 
in soil covered with potato vines to 8.3 
per cent in alfalfa stubble. 

Field collections, made with an insect 
net, in favorable locations supplied re- 
cords closely correlated with those ob- 
tained in the cage studies (Fig. 1). The 
overwintered beetles appeared slightly 
earlier in the field, the earliest date being 
May 16 as compared to May 21, but the 
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peak of abundance of overwintered adults 
occurred at approximately the same time. 
The duration of the emergence period in 
the field, likewise, approximated that of 
the caged adults. 

RearRinc EXperimMents.—Rearing ex- 
periments were conducted in an outdoor 
insectary at the Scottsbluff Experiment 
Farm and the data thus obtained supple- 
mented by field records and observations. 


a4 
to- 

“ 

Pen 
20 

el 

$. 

2 

- May VLY 

Dare of COLLECTION 
Fic. 1.—The solid line represents the number emerg- 


ing, and the date of emergence, of / pitrix cucumeris 

in hibernation cages in the spring of 1941. The 

broken line represents the average number collected 

per 500 sweeps with an insect net in an alfalfa field 
and along an irrigation ditch 


In general, the rearing technique was 
similar to that employed by Johannsen 
1921), Hoerner & Gillette (1928) and 
Anderson & Walker (1934). Instead of 
lantern globes, however, the cages were 
made of 30 mesh copper screen wire sup- 
ported by a light metal frame. For obtain- 
ing data on oviposition the cages were 
placed on dark blue blotting paper in 
contact with moist sand in flower pots. 
Moisture was supplied through capillary 
action by placing each pot in a shallow 
pan of water. Individual eggs were placed 
in salve boxes, about 45 mm. in diameter 
and 20 mm. in height, the bottoms of 
which contained sand covered with blot- 
ting paper. Moisture was added if needed, 
but more frequently it was difficult to 
prevent the accumulation of excess mois- 
ture. 

As the eggs hatched, the larvae were 
transferred to small pieces of potato tuber 
and placed in salve boxes. Moisture was 
provided by lining the bottom of the con- 
tainer with blotting paper and then add- 
ing water as needed. As the larvae reached 
maturity, an environment favorable for 
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pupation was obtained by partially filling 
the box with fine Newly formed 
pupae were removed and = placed on 
slightly moistened soil in another salve 
box for the duration of the pupal period. 
First generation.—In 1940, beetles be- 
gan emerging from hibernation May 20, 
and from individuals caged between this 
date and May 24, two generations were 
reared during the year. The first eggs were 
deposited on May 27 and the first adult 
emerged on July 1. Egg deposition began 
3 to 7 days following confinement and 
continued to August 14, or over a period 
of 80 days, with the peak coming June 18. 
These determinations are based on a total 
count of 15,910 eggs. The incubation 
period of the 5865 eggs involved in the 
test ranged from 3 to 11 days, averaging 
5.5 days. From eggs selected at random 
from the above series, records were ob- 
tained on 2431 larvae, and the period of 
activity of these extended from June 3 to 
August 24. The range for individual larval 
development was from 13 to 29 days with 


soil. 


an average of 18.45 days. 

Pupation began June 23 and continued 
until August 24, or over a period of 62 
days. On the basis of 287 individual re- 
cords, the pupal stage was found to extend 
over a period of 4 to 10 days with an 
average of 5.8 days. First generation 
adults appeared on July T and continued 
to emerge until August 30, a period of 2 
months. 

Second generation. 
tion beetles in the above tests emerged in 
the insectary, a total of 132, selected at 
intervals from July 1 to 17, were placed 
in oviposition cages. The first eggs of the 


As the first genera- 


second brood were deposited on July 13, 
and the first adult appeared on August 12, 
30 days later. Oviposition extended from 
July 13 to October 3, or over a period of 
82 days, and the peak occurred on August 
11. The incubation period of the 7838 eggs 
on which records were kept ranged from 
3 to 20 days, averaging 5.9 days. Of the 
3743 eggs placed under observation, 3252, 
or 86.88 per cent, hatched. Larval activity 
extended from July 18 to November 3 and 
the average larval period was 22.76 days. 
Some individuals completed their devel- 
opment in as few as 15 days while others, 
near the close of the season, spent up to 
43 days as larvae. Cold weather prevented 
complete development of all that hatched 
in late September and thereafter. The 
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pupal stage ranged, on the basis of 299 
individual records, from 5 to 22 days, 
averaging 11.16 days. Emergence of sec- 
ond generation adults began August 12, 
reached a peak September 15, and con- 
tinued until early November when cold 
weather prevented further activity. Sev- 
eral of the second generation adults were 
placed in oviposition cages but no eggs 
were laid. 

In 1941, 137 overwintered beetles were 
collected at the time of their emergence 
from hibernation between May 17 and 
June 30 and placed in cages. Egg deposi- 
tion began on May 26 and the first adults 
emerged on July 5, 40 days later. For 
these beetles the oviposition period, which 
extended from May 26 to August 22, was 
$8 days, and the incubation period from 
3 to 14 days, averaging 6.2 days. Of 1529 
eggs under observation 1220 or 79.79 per 
cent hatched. 

Larvae were present from June 6 until 
August 24. The average developmental 
period of the 191 larvae involved in this 
test was 17.7 days, with a range of from 
14 to 23 days. The pupal stage ranged 
from 3 to 9 days, averaging 6.29 days. 
Although larvae continued to 


emerge 





Fig. 2.—Summary of the life history 
BE pitria cucumeris in the insectary at 


Nebraska in 1941 


records on 
Scott shluff, 


until August 24, no pupations occurred 
after August 12. Of the 191 pupae under 
observation, 182, or 69.1 per cent, 
emerged as adults. First generation adults 
appeared on July 5, reached a peak July 
22, and continued to emerge until August 
25, a period of 51 days. A summary of all 
the rearing records included in this report 
is given in table 2 and figure 2. 

Four pairs of overwintered beetles were 
placed in individual cages at the time of 
their mating in the spring of 1941 and 
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detailed records kept on the preoviposi- 
tion and oviposition periods and the num- 
ber of eggs deposited by each female. The 
preovipostion period ranged from 5 to 6 
days; the oviposition period from 35 to 
57 days, averaging 44.7 days; and the 
number of eggs per female from 161 to 
215, averaging 187.2. Usually the eggs 
were deposited in batches of from 11 
to 15 with intervals of from 1 to 2 days 
elapsing between successive depositions. 


Table 2.—The range and average duration of 
the various stages of Epitrix cucumeris in the in- 
sectary at Scottsbluff, Nebraska. 





AVER- 

RANGE, aAGe, TEemMPER- 

Pexiop GeNneRaTION Year Days Days ature! 
Incubation First 1940 3-11 5.5 72.7 
1941 3-14 6.2 69.4 
Secohd 1940 3 20 .9 68.3 
Larva First 1940 13-29 18.45 73.1 
1941 14-23 17.7 70.8 
Second 1940 15-43 22.76 65.7 

Pupal First 1940 +10 5.8 75.4 
1941 3-9 6.29 72.2 

Second 1940 5-22 11.16 61.6 

Potal develop First 1940 27-50 73.7 
mental 1941 27-46 70.8 
Second 1940 30-85 65.2 





rhis represents the average mean daily temperature for the 
interval from the time the first individual appeared in a given 
stage until the last individual in the group had transformed to 
the succeeding stage. The same procedure was applied to all 
stages of both generations 


Fietp Couiections.—In_ 1941, five 
different potato fields were selected and 
flea beetle collections made at regular in- 
tervals throughout the growing season. 
The normal date of planting for a ma- 
jority of the potato crop in western Ne- 
braska is from about June 10 to June 25. 
Two of the fields selected represented an 
early crop (planted April 26-28); one a 
medium crop (planted June 2); and two 
the late crop (planted June 20). The col- 
lections were made with a 15-inch insect 
net and the results recorded on the basis 
of the average number of beetles per 300 
sweeps. The data are summarized in table 
$3 and shown graphically in figure 3. Since 
the newly emerged beetles are light 
colored as compared to the dark color of 
the overwintered individuals, the begin- 
ning of emergence of the first generation 
adults could be determined with a reason- 
able degree of accuracy. They were first 
collected, in the early plantings, on July 
3 which compares favorably with July 1 
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in 1940 and July 5 in 1941 in the insectary 
rearings. The peak of abundance occurred 
on August 1. Only a slight decrease was 
noted in the succeeding collection on 
August 6. Since the fields had been har- 
vested, further records could not be ob- 
tained. As shown in figure 3, adults were 
comparatively abundant in the medium 
planting from about July 23 to August 20, 
the peak being reached on August 6. 
There was a slight decrease from about 
August 20 to 30, followed by a notice- 
able increase during the next few days, 
apparently due to the emergence of second 
generation adults. 

In the late plantings the adult popula- 
tion attained a moderately high level 
during the last few days of July, reached 
a peak near August 20, and was followed 
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Fic. 3.—Average number of Epitrix cucumeris per 


300 sweeps with an insect net in early, medium, and 

late plantings at Scottsbluff, Nebraska, 1941. Early 

planting made April 26-28; medium, June 2, and 
late, June 20. 


by a slight decline during the next few 
days. There was a noticeable population 
build-up in the early part of September 
corresponding to that in the medium-date 
planting. On the basis of these data, along 
with other field evidence and laboratory 
rearing records, it seems probable that the 
early- to medium-planted potato crop is 
the principal food supply for the develop- 
ment of the first generation Epitrix cu- 
cumeris in western Nebraska; and from 
the eggs deposited by the first generation 
beetles develop the arvae which attack 
the late or the principal potato crop in 
this region. 

Collections also were made at regular 
intervals throughout the growing season 
in alfalfa fields and along irrigation 
ditches where various weeds, including 
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Table 3.—Average number Epitrix cucumeris 
per 300 sweeps with insect net in early, medium, 
and late potato plantings, and in alfalfa field and 
along irrigation ditches at Scottsbluff, Nebraska 
in 1941. 





Potato Fieto« 
Date PLANTED 


Dati April [RRIGATION 
CottectiONn 26-28 June 2 June 20 ALraLra Diren 
May 20 t 5 

26 ( 12 
27 ’ 27 
0 16 6 0 
June 6 20 r S6 
4 21 t 14 
21 so ‘ ss 
ai} 178 l 4 
July 3 203 65 , 2 
9 380 15 I ) ) 
16 797 12 0 
28 1172 5 4 
Aug l 1856 917 $18 0 0 
6 1700 1104 
18 harvested 1010 ) 7 
19 O54 i441 ) 0 
7s 10 16S 0 0 
Sept r) 606 $37 ; 5 
I? be a6 l? 
19 107 ss 
25 76 71 
Oo l 42 20 
9 2 21 





! Field treated with Dutoz dust by grower, with the result that 


the population trend was temporarily upset 


Physalis spp., were growing. This type of 
environment is representative of compara- 
tively large areas in the potato-growing 
sections in the North Platte Valley. The 
results of these collections, which are 
given in table 3 and figure 4, show that 
considerable numbers of Epitrix cucu mers 
were present in these areas in the early 
spring and late summer but practically 
none were present during the period of 
potato growth. 

Host PLants.—In western Nebraska, 
apparently, the most important early 
spring host is the potato, including plants 
growing on cull piles along with an occa- 
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Fic. 4.—Average number of Epitrizr cucumeris per 


300 sweeps with insect net on alfalfa and on “weeds” 

along an irrigation ditch during the growing season 

of 1941 at Scottsbluff, Nebraska. (Broken line, 
Alfalfa, Solid line, Irrigation Ditch.) 
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sional volunteer plant in the field, and 
the early-planted crop. Occasionally to- 
mato plants may be damaged, particu- 
larly in the early part of the growing 
season. A number of other plants are fed 
upon to some extent at various times dur- 
ing the season. Among these are included 
buffalo burr (Solanum rostratum), ground 
cherry (Physalis spp.), alfalfa (Medicago 
sativa), sweet clover (Melilotus sp.), marsh 
elder (Iva xanthifolia), ragweeds (Am- 
brosia spp.), sunflowers (Helianthus spp.), 
pigweed (Amaranthus retroflerus), kochia 
Kochia scoparia) and lamb’s-quarters 
Chenopodium album). Whenever potatoes 
are available, feeding is largely confined 
to this plant. Migrations of adults from 
early potatoes following harvest into 
nearby field bean plantings frequently 
occur and considerable feeding has been 
observed in some instances. However, 
injury to any crops other than potatoes 
in this area is negligible. 

At the time of harvest in late summer 
and early fall many adult beetles migrate 
from potato fields and again may be found 
feeding on a number of different plants. 
These hosts are principally the same spe- 
cies as those of the early spring. Often the 
insects can be collected in large numbers 
on alfalfa late in the fall, probably because 
these plants remain green later in the 
season than most others in this area. Fol- 
lowing harvest the beetles often feed ex- 
tensively on cull tubers left in the potato 
fields, cracked or damaged tubers being 
especially attractive. 

As yet information on larval food 
plants is incomplete. Ground cherry 

Physalis spp.) and buffalo burr (Solanum 
rostratum), both of which have been re- 
ported (1937) as hosts for the larvae, 
apparently are of comparatively little 
importance as hosts in the irrigated sec- 
tions of western Nebraska under present 
conditions. The larvae were found feeding 
on the roots and tubers of potato plants 
throughout the season, but none was ob- 
served developing or feeding at any time 
on a large number of other plants ex- 
amined. 

SUMMARY AND ConcLusions.—In the 
potato-growing section of western Ne- 
braska it was found that a relatively high 
percentage of adult Epitrir cucumeris 
were able to survive the winter of 1940-41 
in soil covered w ith debris or crop residue 
such as potato vines. Although propor- 
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tionately fewer, significant numbers sur- 
vived in bare soil in a potato field from 
which the crop residue had been removed, 
as well as in alfalfa stubble, and in un- 
cultivated areas. The survival, which 
ranged from 34.5 per cent in soil covered 
with potato vines to 8.3 in alfalfa stubble, 
was much higher than that reported by 
Gui (1938) in Ohio. 

In the insectary two complete genera- 
tions of E. cucumeris developed during 
the season. These results agree favorably 
with those obtained by Hoerner & Gillette 
(1928) in Colorado, Hanson (1933) in 
Washington and Gui (1938) in Ohio where 
one complete and a partial second genera- 
tion were observed. Jewett (1929) re- 
ported two complete broods in Kentucky. 

Emergence from hibernation began 
about May 20 and continued until early 
July. A majority, however, had emerged 
by about June 20. The egg-laying period 
of the overwintered females extended 
from May 26 to August 22 in the insectary 
rearing tests, but the peak was attained 
shortly after mid-June with the result 
that a majority of the eggs were deposited 
previous to the time at which growth of 
the late potato crop was under way. 

Eggs of the second generation were 
deposited between July 13 and October 3 
with the peak abundance occurring near 
the middle of August. As regards the num- 
ber of generations and the periods of 
greatest abundance, field collections and 
observations provided information con- 
firming that obtained in the insectary. 

On the basis of the life history data 
presented in this report, it seems evident 
that the larvae of the first generation 
develop largely in early-planted potatoes, 
and the second generation principally in 
the late plantings. It is concluded, there- 
fore, that elimination of the early potato 
crop, including those plantings up to 
about June 10 (at present a relatively 
small proportion of the total acreage in 
western Nebraska), would materially re- 
duce the likelihood of serious flea beetle 
injury in this area. This conclusion is in 
agreement with that of Hoerner and Gil- 
lette (1928) who stated that in Colorado 
late planted potatoes are least likely to 
be injured. 

Although further investigations may 
reveal new facts on this problem, inten- 
sive collections and observations indicate 
that wild host plants are of comparatively 
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little significance in the build-up of heavy 
potato flea beetle populations in western 
Nebraska. The growth of early-planted 


potatoes is well under way at the time the 
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overwintered beetles emerge, and these 
plants supply an abundance of food. 


8-19-42. 
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Insecticidal ‘Tests for Field Control of Lygus Bugs 


in Seed 


Alfalfa! 


( J SORENSON l tah {ygricultural h rperime nt Station Logan 


Lygus-bug’ injury to the growing crop 
constitutes one of the factors seriously 
limiting alfalfa-seed production in Utah. 
Since the recognition here of this problem 
in 1930, the Utah Agricultural Experi- 
ment Station has periodically tested vari- 
ous insecticides which were thought to 
afford any promise whatsoever of effecting 
practical field control of these injurious 


pests. 
PRELIMINARY Tests.— Preliminary 
tests were made in 1933 in which the 


following three insecticides were used: 
1) Conditioned dusting sulfur, (2) 40 
per cent calcium cyanide dust, (3) 4, 6, 
and 8 per cent nicotine dusts. These ma- 
terials were applied twice, with an interval 
of two weeks between applications when 
the alfalfa was in the bud and bloom 
stage. Segregated one-tenth-acre plots of 
alfalfa were used and applications were 
made with a traction alfalfa duster pro- 
vided with a canvas apron, 12 feet long. 

Criteria or Resuits.—Efficiency of 
these and other insecticides and/or com- 
binations of them that have been used 
since 1933, was judged by the following 
criteria: (1) The number of dead adult and 
nymphal bugs, respectively, occurring in 
wire-screen cages, 12 inches long and 6 
inches in diameter, in which the bugs were 
exposed on growing alfalfa stems to the 


Pacific Slope Branch Program, Salt Lake City, 1942 
Lygus elisus Van D. and Lygus hesperus Knight 
Miridae. 


Famil 


different insecticides during treatment 
and for a period of three hours afterward. 
2) The relative number of adult and 
nymphal lygus captured by net in the 
alfalfa on various plots just before treat 
ment and 24 hours thereafter. (3) The 
amount of mature seed produced on plots 
after having received the different treat- 
ments. 

FINDINGS IN 1933.— Results of the 1933 
preliminary tests indicated that: (1) Dust- 
ing sulfur at 10, 15 and 25 pounds per 
acre, respectively, was not sufficiently 
effective in killing either adult or nymphal 
lygus. However, it did have some repel- 
lant effect against the adult bugs, as was 
evidenced by the fact that one and two 
weeks after treatment, their numbers on 
treated plots were 23.47 and 18.78 per cent 
less, respectively, than on adjoining un- 
treated plots. (2) A three-hour exposure 
to 20 and 40 pounds per acre of 40 per 
cent calcium cyanide dust killed 11.28 and 
$7.19 per cent, respectively, of the en- 
caged bugs, whereas 24 hours after re- 
ceiving these two different dosages, the 
field population was feund to have been 
reduced 7 per cent by the 20-pound ap- 
plication and 35 per cent by 40 pounds 
per acre. Wherever excessive amounts of 
calcium evanide chanced to fall on the 
alfalfa, serious burning of the foliage re- 
sulted. (3) Of the three kinds of insecti- 
cides tested in 1933, nicotine dust proved 
to be most lethal to lygus and progres- 
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sively so in proportion to the nicotine- 
sulfate content. Eight per cent was supe- 
rior to either 4 or 6 per cent, having killed 
53.72 per cent of the caged bugs after 
three hours exposure and reducing the 
field population 30 per cent 24 hours after 
its application. Ten days after receiving 
this treatment, the lygus population was 
$2.17 per cent less than on nearby un- 
treated plots. At this time also, the alfalfa 
that had been dusted with nicotine sulfate 
retained approximately 50 per cent more 
blossoms than did adjoining untreated 
plots. 

Although the lygus-bug population was 
somewhat reduced by each one of the in- 
secticides tested, yet the degree of control 
obtained, as evidenced by comparative 
seed yields, did not justify the cost of 
treatment. 

EXPERIMENTS OF 1937 TO 1941.—In 
view of unfavorable results obtained in 
the preliminary experiments of 1933, 
further testing of insecticides for the con- 
trol of lygus bugs in seed alfalfa was dis- 
continued until 1937. Beginning in that 
season and continuing annually thereafter 
to 1941 inclusive, the following 12 insecti- 
cides and/or combinations of them have 
heen tested on randomized alfalfa-seed 
plots in the field: (1) Dusting sulfur; (2) 
dusting sulfur plus paris green, 85 and 15 
per cent, respectively; (3) sulfur plus 
pyrethrum dust, 50:50; (4) 4, 6, and 8 
per cent nicotine dusts; (5) calcium cy- 
anide (Cyanogas H-dust); (6) Lethane 
dust;' (7) sulfur plus calcium arsenate, 
75:25; (8) Pyrethrum (Dry Pyrocide*) 
plus pyrophyllite,? 5:95; (9) pyrethrum 
Dry Pyrocide’) plus pyrophyllite, 10:90; 

10) a Lethane'-pyrethrum®-sulfur-tale 
dust mixture in the ratio of 3, 5, 67, and 
25 per cent, respectively; (11) Lethane®- 
pyrethrum®-sulfur, 3:10:87; (12) Le- 
thane®-derris’-sulfur, 4:10:86. 

Four replicates of each treatment were 
made in the field with a hand duster. 
Hand-dusted plots during different years 
varied in size from approximately one to 
ight square rods. In addition to these 


Cc 


Leth No. 384, 4 per cent, plus magnesium carbonate 
per cent plus tale, 93 per cent. The active agent in Lethane was 
beta butoxy beta thiocvanodiethy! ether, of which it contained 
55 per cent b weight 

\ stabilized concentrated pyrethrum dust wit pyrethrins 
content of 0.1 per cent 

An inert diluent with no insecticidal value 

Pyrethrins content 0 ? per cent 

Pyrethrins content 0.9 per cent 

Lethane No. 384 Special, containing 50 per cent by weight of 


i mixture of Thiocevanates 
Rotenone content 5 per cent 
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hand-treated plots, applications of all 
dusts were also made with a traction al- 
falfa duster in 1938 and a power alfalfa 
duster in 1939, on one-half-acre alfalfa- 
seed plots. Each year the period of treat- 
ment began when alfalfa intended for seed 
production was in the prebud stage and 
continued until some seed pods were ma- 
ture, usually varying from 40 to 50 days. 
During this period of its development 
seed alfalfa is thought to be most sus- 
ceptible to lygus-bug injury. 

Prior to 1940 applications were made at 
weekly intervals in dosages of 10, 20, or 
40 pounds per acre. In 1940 and 1941 py- 
rethrum dust (Dry Pyrocide), (8) and (9) 
above, was the only insecticide tested. 
This material was applied at intervals of 
two and six days, respectively, during 
1940, in dosages of 15 and 30 pounds per 
acre. In 1941 various plots were dusted 
every two, four, and six days. Check plots 
remained untreated. Dosages in 1941 were 
0, 15, and 30 pounds per acre, respectively. 

Resutts: 1937 To 1939.—Summarized 
results for the seasons 1937 to 1939 in- 
clusive, indicate the following: 

1. Three hours after treatment with 
dusting sulfur 6.25 and 9.38 per cent of 
adult and nymphal lygus bugs, respec- 
tively, were found to have been killed 
within the wire-screen cages which had 
been previously arranged over growing 
alfalfa stems in the field. 

2. Although the addition of paris green 
or of calcium arsenate to the sulfur in- 
creased the bug kill somewhat, yet this in- 
crease was not significant. 

3. Under certain environmental condi- 
tions, there is grave danger of sulfur seri- 
ously burning alfalfa flowers. This was 
evidenced by the fact that in 1939 dusting 
sulfur, both alone and in combination with 
some of the other insecticides then used, 
severely injured the alfalfa flowers, caus- 
ing those that were open at the time of 
treatment to wither and die. Alfalfa buds 
were apparently unaffected by the sulfur 
dust and developed into normal flowers 
after being dusted with it. No sulfur burn 
was observed in any of the treatments 
containing sulfur which were made during 
1937 and 1938. The only recorded or ob- 
served environmental difference that oc- 
curred during the alfalfa-bloom periods of 
1938 and 1939 was that during the latter 
year, the rainfall was 69 per cent less than 
in 1938. 
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+. Pyrethrum dust (Dry Pyrocide) was 
most effective in killing encaged nymphal 
and adult lygus bugs and in significantly 
reducing their numbers in the open field. 
Four or five days after treatment, how- 
ever, the lygus population was usually 
found to increase on the experimental 
plots until after the next treatment had 
heen applied. 


EXPERIMENTS OF 1940-1941.'—Objec- 
tives sought in the tests of 1940 and 1941 
were to determine: 


1. The relative efficiency of 5 and 10 
per cent pyrethrum (Dry Pyrocide) dusts, 
containing, 0.10 and 0.20 per cent pyre- 
thrins by weight, respectively. 

2. The minimum effective per-acre 
dosage of each of these two dusts. 

3. The optimum effective frequency of 
their application for adequate protection 
of seed alfalfa from lygus-bug injury. 

Resuutts: 1940-1941.—Results of the 
1940 and 1941 tests were judged by the 
relative amount of recleaned, first-grade 
seed produced on plots that received the 
different treatments. Statistical analysis 
of differences in seed yields indicated: 

1. That although seed yields were 
slightly superior with the 10 per cent py- 
rethrum dust, yet the mean difference be- 
tween this and the 5 per cent pyrethrum 
was not significant. 

2. The 30-pound per-acre dosage gave 
somewhat better yields than did that of 
15 pounds, nevertheless, this difference 
was also insignificant. 

3. Frequency of application of either 
the 5 or 10 per cent strength of pyrethrum 
dust proved to be the most vital of various 
factors dealt with in these 1940-1941 ex- 
periments. Application at intervals of two 
and four days was found to produce mean 
yield differences of high significance, 
whereas treatments at intervals of six 
days gave yields that were slightly, but 


1 These tests were made in cooperation with he Division of 
Fora e Crops and Plant Diseases, U.S. Department of Agri 
culture 
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insignificantly, better than those obtained 
from untreated plots. 

Data and information obtained during 
the prosection of these insecticidal tests 
indicate that: (1) Alfalfa is one of the 
choice host plants of lygus bugs in Utah. 
(2) Even though the lygus bug population 
may be significantly reduced in alfalfa- 
seed fields by the application of certain 
insecticides, yet because of the extremely 
wide host range of lygus bugs, including 
more than 100 cultivated and wild plants, 
and because of the strong flight-power of 
these adult insects, alfalfa fields become 
reinfested by them within four or five days 
after insecticidal treatments have been 
made. (3) Lygus bugs possess an un- 
usually high degree of natural resistance 
to most of the insecticides in current use. 
(4) Weekly application of insecticides with 
horse- or motor-drawn wheeled dusting 
machines inflicts considerable damage to 
growing seed alfalfa. 

Conciusions.—In view of the rela- 
tively low degree of control obtained in 
these experimental testings of various in- 
secticides against lygus bugs in seed al- 
falfa, except at such frequent intervals as 
to make their cost prohibitive for practical 
field use, it appears that none of these 
materials can as yet be justifiably recom- 
mended. 

If an adequate supply of pyrethrum 
were available at a nonprohibitive cost in 
comparison with that received by growers 
for their alfalfa-seed and if seed fields were 
sufficiently large and concentrated to 
justify frequent application of this ma- 
terial by airplane, it is probable that lygus 
bug injury could be mostly prevented. 
However, realization of such a program 
now seems rather far distant, if not now 
altogether impracticable under existing 
conditions in Utah. 

It seems therefore, that other methods 
than the use of insecticides will have to 
be employed or developed for the current 
prevention and control of lygus bugs in 
alfalfa-seed fields.— 7-9-42. 
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Effect of Certain Biological Factors on the Longevity 
of Caged Bees' 


Lioyp M. Berruo.r, Western Maryland College, Westminster® 


Since the summer of 1937 the writer and 
some of his students have been conducting 
experiments on the toxic effect of various 
insecticides on honeybees. The criterion 
used at first to indicate the degree of 
toxicity of a substance was the percentage 
decrease in average longevity it brought 
about when fed to a group of caged bees, 
as compared with the longevity of control 
bees fed none of the substance. This cri- 
terion has now been abandoned in favor 
of a simpler one based on mortality within 
a 3-day period. Before the former method 
was abandoned, however, several supple- 
mental experiments were performed to 
test the influence of various biological 
factors on longevity. These experiments 
are described in this paper. 

EXPERIMENTAL Metuop.—Bees were 
collected at the entrance of the hives. An 
effort was always made to get only guard 
bees, not those that were going out on, or 
returning from, field trips. In the winter, 
when the bees were not flying, they were 
taken from the entrance of a large two- 
story hive kept in the laboratory; they 
were induced to come to the entrance by 
tapping on the front of the hive. Bees from 
six hives were used, five at the Bee Culture 
Laboratory at Beltsville, Md., and one 
at Westminster, Md. 

The bees were collected usually one at 
a time by use of a cylinder about 1 by 6 
inches made of eighth-inch wire screen 
with a rubber stopper at one end through 
which slides a glass rod acting as a 
plunger. If the open end of such a tube is 
set down over a bee, it will ordinarily 
crawl up inside the tube and can be forced 
out into another container by gently 
pushing down the plunger. Usually from 
25 to 50 bees were placed in one cage as 
soon as captured, these constituting a lot. 

A cage consisted of a wooden frame 6 
by 31 by seven-eighths inches inside, 
covered on top and bottom with eighth- 
inch galvanized wire screen.? The top 


A contribution from Western Maryland College, in coopera 


tion with the Bureau of Entomology and Plant Quarantine, 
U.S. Department of Agriculture 
With the assistance of Margaret Harman and Paul Brengle 


graduate students at Western Maryland College, 1987-38 
he cages used were similar to those described by A. W 
Woodrow (1938) and later improved by aid of suggestions made 
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screen was nailed to the frame, but the 
bottom screen was carried in grooves in 
the sides of the frame, so that it could be 
slipped out for emptying and cleaning. 
Across the top of the cage was nailed a 
strip of galvanized sheet metal about an 
inch and a half wide containing two holes 
just large enough to receive the perforated 
aluminum screw cap of a 20 cc. specimen 
vial inverted over them. Of the two vials 
in each cage, one was filled with 62 per 
cent (by weight) sugar sirup and the other 
with tap water. This concentration of 
sugar, being almost a saturated solution, 
resists fermentation. Tap water was 
supplied both because bees in nature 
presumably derive benefit from their fre- 
quent visits to sources of water, and be- 
cause preliminary tests indicated that its 
use increases longevity. 

After a cage had received its lot of bees 
and its two vials, it was placed in an incu- 
bator kept at a temperature of 82-84° F, 
and 40-45 per cent relative humidity. 
Humidity was controlled by placing a 
pan of concentrated calcium chloride 
solution in the bottom of the incubator. 
Continuous record of both temperature 
and humidity was made by a hygro- 
thermograph. Whenever a slight rise in 
humidity was noted, a few grams of cal- 
cium chloride was added to the solution. 

Observations were made once each day, 
except Sundays, to remove and count the 
dead bees and to renew the food if it 
showed any sign of spoiling. A bee found 
dead was assumed to have died midway 
between that time and the time of the 
previous examination. 

Bees or UNKNown Ace.—From July 
1937 to May 1938, 23 lots of control bees 
were tested in the manner described. The 
results are presented in table 1. The mean 
length of life per lot ranged from 9.13 
+ 0.580 (Br-232) to 22.99+1.065 days 
(Br-236) with a mean of 16.24+0.20 
days for all the lots. The maximum lon- 
gevity was 39.5 days (B-135). 


by Jas. I. Hambleton, Division of Bee Culture, Bureau of 
Entomology and Plant Quarantine, for whose help in this and 
many other matters connected with this problem the writer. 4 
deeply grateful. 
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In considering these results, one is 
struck at once by their great variation. 
Why should one lot of bees live two and 
one-half times as long as another lot kept 
under the same conditions? The magni- 
tude of the standard errors indicates that 
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were possible the average age of guards 
when taken from the hive would tend to 
increase somewhat as winter progressed if 
brood rearing slowed down markedly or 
ceased. We might expect, therefore, that 
bees taken in winter would be older, and 


Table 1.—Length of life in captivity of 23 lots of control bees during 11 months of 1937 and 1938. 





NUMBER AVERAGE Maximum 
Lot COLON) MontTu OF LONGEVITY, LONGEVITY, 
No No CAGED BEES Days Days 
B-101 July 100 11.09+0.23] 16.5 
B-102 July 103 17.27+0.573 22 5 
B-111 l July 50 14.44+0.543 20.5 
B-123 3 August iO 14.19+0.095 235 
B-154 2 \ugust 50 11.55 + 1.260 16.5 
B-135 t August 55 22 58 +1.525 9.5 
Total or average for summer 40S 15.05 O S16 
B-156 5 September 49 21.32+0.712 4 
H-202 6 October 50 292 4241086 1.5 
H-205 6 October 5] 21.58 + 0.99] 4.5 
H-209 6 October tS 13.35 + 0.728 22.5 
H-214 6 October jl 11.39+0.471 19.5 
H-218 6 November jl 12.54+0.870 2 5 
H-220 6 November 17 13.77+0.531 19.5 
Total or average for autumn +7 16.64+0.39] 
Br-226 6 December 50 18.58 +1.00] 16.5 
Br-228 6 December 27 18.96 +0.777 23.0 
Br-232 6 January 17 9.13 + 0.580 21.5 
Br-235 6 January 51 19.92+ 1.386 8.5 
Br-236 6 February 35 22.99 + 1.065 2.5 
Total or average for winter 210 17.57 +0.50 
Br-243 6 March 25 22 .42+1.475 ) 
Br-250 6 \pril 25 16.96 + 1.081 27.5 
Br-253 6 April , 16. 82+ 1.141 26.0 
Br-254 6 May 0 17.22+1.443 2.0 
Br-255 6 May t 11.76+0.930 225 
Total or average for spring 139 16.76+0.619 
Total or average for entire period 1104 16.24+ 0.209 











! Hive undesignated 


the difference between the means is real 
and cannot be attributed to the fluctua- 
tion of simple sampling. Since physical 
conditions were fairly constant, it seems 
evident that the difference is due to bio- 
logical factors, lying within the bees them- 
selves. 

Perhaps the most obvious biological 
variable is the age of the bees. Although 
an effort was made to get only guard bees, 
which according to Risch (1925) are ordi- 
narily 15 to 20 days old, this was not 
possible with any certainty in winter when 
the bees were not flying, and even if it 


would therefore live for a shorter time in 
captivity than those taken in summer. 
When, however, we group the lots in 
table 1 according to the season in which 
they were caged, this assumption turns 
out to be false: the greatest longevity is 
attained by bees caged in winter and the 
least by those caged in summer TI 2 
difference between the averages, although 
not great, is statistically significant. It 
seems probable that whatever greater 
average age the winter bees may have had 
is compensated for by some internal met- 
abolic adjustment, by the dying off of the 
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weaklings at an early age, by decreased 
activity of internal parasites, or by winter 
brood rearing, etc., so that the average 
vitality of the lot is raised and there re- 
sults an actual increase in longevity. 

It may be pointed out, in passing, that 
there is no evidence here that bees of one 
colony live longer than those of another. 
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moved. If very young bees were desired, 


they were put at once into the feeding 


cages already described. But if older bees 
of any given age were desired, all the bees 


were given a distinctive mark on the 
thorax with metallic paint! and then taken 
to the apiary and introduced into par- 
ticular colonies housed in 5-frame-nucleus 


Table 2.—Longevity of lots of caged bees of various specified ages, with and without a queen and 


with and without cleansing flights, 1938. 





AGE OF 
BEES At 
START, Montu BEES (QUEEN 
Days CAGED UseD PRESENT 
0.5 August 19 No 
} July 50 No 
'.S July nh Yes 
5 July 2) No 
7.8 July tS No 
\ugust 50 No 
11 July 10 Yes 
11.5 July 5] No 
16.5 \ugust 38 No 
28 No 
7 Yes 
; Ves 
22 August SS N 
aD \ugust +4 N 
37 August +2 Ni 
b> sept mber 16 No 
sO) October 20 No 


AVERAGE LonGeEviry, Days 
Maximum 
LONG- Total, in 


FLiGuTs EVITY, hive plus 
\LLOWED Days In cage cage 
No $5.0 26.01+1.612 27 

No 76.0 33.95 + 2.383 
No 80.0 $6.72+2.318 
No 53.0 3$2.50+2.730 

Av. 39.03+1.669 +4 
No 89.5 40.47+2.119 
No 75.0 39.53 +1.735 

Av. 39.99+1.361 17 
Yes 57.0 $9.45 +2.207 
No 33.5 22. 50+0.77: 

Av. 26.92+1.462 38 
No 125.0 69.08 + 4.184 
Yes 50.0 39.87 +1.229 
No $1.5 27 .O1+1.447 
Yes 66.0 $1.53 +1.797 

Ay $5.11+1.902 62 
No 50.0 30.46+ 1.276 52 
N 7.0 0.88+ 1.6385 61 
No 18.5 28.19+1.569 65 
No 97.5 16.71+0.873 62 
No 12.0 +.18+0.4389 84 





Although colonies 1 to 5 vary in this re- 
spect, colony 6 varies even more at differ- 


ent times within itself. To say that there 
IS no ey idence does not, of course, exclude 


the possil ility. 


Brees or KNown AGE. 


capture on their longevity in cages, the 
following experiment was performed: 
Frames of brood almost ready to emerge 
were brought into the laboratory and 
each frame was confined in a screen-wire 
cage. In the evening the cage with frame 
was placed in an incubator and left over 
night. The next morning all the bees that 
had emerged during the night were re- 


To test further 
the effect of the age of bees at the time of 


hives. At a later date one of these hives 
could be opened and bees of any desired 
age could be picked from the frames. The 
bees thus selected were all assumed to 
have emerged midway between the eve- 
ning hour when the frame was placed in 
the incubator and the morning hour when 
it was removed. In this way various 
groups of bees ranging in age from a half- 
day to 80 days were obtained. 

These groups were confined in feeding 
cages as previously described. Records of 
their longevity are summarized in table 2. 


By using several colors and placing the spot 


ould be designated without confusion 


on particular 


rts of the thorax. a large number of different groups of bees 
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When a trend curve is constructed from 
these data by the use of moving averages, 
as in figure 1, it is seen that the average 
life expectancy of these caged bees did not 
begin to decrease at once with advancing 
age, as might have been expected, but re- 
mained constant or even increased some- 
what for about the first 3 weeks and then 
gradually decreased to zero at about 90 
days. There is, of course, a constant selec- 
tion as time goes on. The weaklings pre- 
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Fig. 1 Relation between age of bees at beginning 
of their confinement and their longevity under con- 
finement. Open circles, experimental values; solid 


circles, points of moving average 


sumably die off first, and for the first 3 
weeks or so this reduction seems virtually 
to have balanced the effect of increasing 
age. These tests, however, were con- 
ducted during July, August, and Sep- 
tember; at another time of the year the 
results might be different, especially the 
zero point. 

The longevity of one particular lot of 
bees 16.5 days old was remarkable, reach- 
ing an average of 69.03 days for the 38 
bees. Not a single bee in this cage died 
until the 39th day, and 2 bees lived for 
125 days. The total length of life of each 
of these 2 bees was therefore nearly 142 
days, from July 15 to December 4, 1938. 
Various observations of unconfined hive 
bees have given maximum longevity 
records much higher than this. Farrar, for 
example, in an unpublished communica- 
tion in 1937, reports a length of life of 320 
days for a marked worker bee; Anderson 
(1931) records at least 304 days for the 
last of a whole colony of black bees whose 
queen had been replaced by an Italian 
queen; and Nickel (1937) found 2 individ- 
uals to live for 285 days. But this is much 
longer than the longevity usually recorded 
for bees confined in cages, the oldest bee 
in the tests made by Woodrow (1935), for 
example, living for 72 days. 
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When caged bees of unknown age 
(Table 1) are compared with those of 
known age (Table 2), it is noted that the 
latter were almost always longer lived up 
to about 45 days. No physical factor, so 
far as known, is responsible for this fact; 
the two experiments were carried out with 
the same cages, incubators, etc., and in the 
same room. Two possible biological factors 
may account for it. One is the age of the 
bees. It is, of course, possible that the bees 
in the first experiment had an average age 
when captured of approximately 45 days. 
Perhaps enough field bees were included 
with the guards in summer to raise the 
average to this figure, and perhaps enough 
young bees were included among those 
captured in winter to prevent much of an 
increase in this average age. Another pos- 
sible biological factor is that of genetic, 
physiological, and pathological differences 
in the bees themselves. It was afterwards 
learned, for example, that Nosema disease 
was prevalent throughout the apiary 
during the course of these tests, and both 
Lotmar (1936) and Nickel (1937) have 
shown that this disease weakens the bees 
decidedly and makes them more suscep- 
tible to unfavorable conditions, such as 
the Reaumur ice-water bath treatment 
which Nickel used to chill the bees so that 
he could count them. In the present tests 
more of the bees may have been infected 
with Nosema parasites in 1937 than in 
1938. Unfortunately, no microscopic ex- 
aminations of the bees’ intestines were 
made. 

Contrary to expectation, little difficulty 
was encountered in the matter of 
ing flights; the cage, after having been 
kept in the incubator for a few days, was 
simply taken to an open window and 
opened. Bees, a few at a time, soon found 
the opening, took wing, flew around the 
window for a while, and then flew away 
out of sight. After 5 to 10 minutes they 
returned, flew around the cage for some 
time, and finally alighted warily upon it 
or on the window sill, where they could be 
captured again. In many cases defecation 
could be observed as the bees flew away; 
presumably all defecated before returning. 
A few bees were usually lost; either they 
did not return at all or could not be cap- 
tured again. What effect, if any, such loss 
had on the average longevity of such a 
group is not known. In two cages two 
cleansing flights were allowed in the course 
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of the experiment, in a third only one. 

In order that the value of the presence 
of a queen and of allowing cleansing flights 
may be considered, attention is directed 
to two lots in table 2, one aged 4.5 days 
and the other 16.5. When the 4.5-day lot, 
with queen, is compared with the 4-day 
and 5-day lots, without queens, it appears 
that the presence of the queen may have 
increased longevity considerably, but 
when the 16.5-day lot, with queen and 
without cleansing flights, is compared 
with the 16.5-day lot, without queen and 
also without cleansing flight, the opposite 
result is evident. Hence we may conclude 
that the presence of a queen was of no 
real significance in these results. The 
queen herself, in three of the four cages, 
lived longer than any worker in the cage. 
In the 4.5-day-old lot the maximum lon- 
gevity of the workers was 80 days, 
whereas the queen lived 112 days; for the 
11-day-old lot the figures are 57 days and 
85 days; for the third 16.5-day-old lot the 
figures are 41.5 days and 60 days; for the 
fourth 16.5-day-old lot the maximum for 
workers was 66 days, but no record was 
kept of the longevity of the queen. 

The same general conclusion holds re- 
garding the value of cleansing flights. In 
the 16.5-day group the cleansing flight 
seemed to decrease the longevity of the 
second lot as compared with that of the 
first lot, while in the fourth lot it seemed 
to increase the longevity as compared with 
that of the third lot. 
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The fact that neither presence of the 
queen nor the allowing of cleansing flights 
seemed significant is the reason for in- 
cluding all these lots in the group averages 
in table 2. 

SuMMARY.—During an 11-month period 
23 lots of bees, each consisting of 25 to 103 
individuals taken from the flight board of 
a hive, exact age unknown but selected as 
far as possible so that only guard bees 
would be obtained, showed average lon- 
gevities in captivity ranging from 9.13 

+ 0.580 days to 22.99+1.065 days, with 
a mean longevity of 16.24 +0.209 days for 
the entire group. Bees taken in winter 
showed a small but statistically significant 
increase in longevity over those taken in 
summer, while the longevity of those 
taken in spring and autumn fell about 
halfway between. 

Tests on the longevity in captivity of 
17 lots of bees of known age ranging from 
a half day to 80 days at the time of cap- 
ture showed no clear-cut decrease in lon- 
gevity until an age of more than 30 days 
was reached. A trend curve constructed 
from the data at hand gives some evidence 
that the life expectancy tends to increase 
slightly for approximately the first 2 
weeks and then to decrease gradually to 
zero, in this experiment at about 90 days. 

Neither the presence of a queen in the 
cages during captivity nor the permitting 
of the bees to take a cleansing flight into 
the open had any consistent effect on their 
longevity in these tests. 
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Susceptibility of Lloneybee Larvae to Individual [noculations 
with Spores of Bacillus larvae 


\. W. Wooprow, U°. S. Department of Agriculture, 


When an experimental colony of honey- 
bees is inoculated with American foul- 
brood by feeding infectious honey or sirup 
or by inserting comb containing diseased 
brood remains, the results are dependent 
on the behavior of the nurse bees in trans- 
mitting the infectious material to the 
brood. Thus unknown and doubtless vari- 
able conditions of infection are intro- 
duced, as shown by the variation in ob- 
served results. The actual results obtained 
also may be obscured by behavior, for in 
some colonies diseased brood is removed 
as rapidly as it dies of the disease. 

To control transmission of the infee- 
tious material to the brood, Toumanoff 
1929), Sturtevant 1982), and ‘Tarr 
1938) made direct inoculations of indi- 
vidual larvae by placing with a syringe 
spores of Bacillus larvae in individual cells 
containing developing brood. This method 
was not in general successful, although 
Sturtevant found that ten million spores 
caused disease in a few larvae in one 
colony. Tarr (1937), however, was able to 
produce infection in healthy colonies by 
spraying aqueous suspensions of — the 
spores over developing brood. The writer 

1941a) also had success with the spraying 
method when the treatment was given 
early in larval life, the larvae being most 
susceptible within 24 hours of hatching. 

In view of these results it was believed 
that better success might also be had by 
direct inoculation if the larvae received 
spores during the susceptible period. Ac- 
cordingly experiments with this method 
were conducted at Laramie, Wyo., during 
the seasons of 1940 and 1941. 

INOCULATION PRocEDURE.—Queens in 
healthy colonies were confined on clean 
brood combs, usually for about 16 hours 
to 1 day, in single-comb cages made of 
queen-excluding zine. Soon after the eg 
had hatched, spores of Bacillus larvae sus- 
pended in water were added to the food 
by means of a l-cec. Luer glass hypodermic 
syringe equipped with a blunted, fine 


needle (27 gauge) about 20 to 25 mm. 
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long. The syringe was placed in a holder 
or clamp having a screw aligned with the 
plunger to regulate the quantity of sus- 
pension emitted from the end of the 
needle. With this arrangement an ex- 
tremely small quantity —approximately 
0.0002 ml.—of spore suspension could be 
added to the food of each larva. 

The number of spores given to each 
larva was varied by diluting a stock sus- 
pension prepared by suspending the 
powdered, dried material from two scales 
of American foulbrood in 10 ml. of sterile 
water. According to Sturtevant (1982), 
such a suspension contains approximately 
500 million spores per milliliter. The num- 
ber of viable spores per dose was not 
determined. 

When each larva was inoculated, its 
exact location was determined with the 
aid of a cell-locating frame (1941b). The 
comb of brood was then placed in the 
brood nest of the parent colony, or of 
another healthy colony, between frames 
containing unsealed brood. In the earlier 
experiments, to prevent the possible re- 
moval of inoculum by the nurse bees 
before the larvae had time to ingest the 
spores added to the food, the comb was 
protected by a wire-cloth cage after inocu- 
lation. After various periods, usually 2 to 
t hours, the cage was removed to allow 
feeding of the brood hy the nurse bees. In 
later experiments the uncaged brood was 
placed in the brood nest immediately after 
inoculation, as it was found that the cag- 
ing had practically no effect on the infec- 
tion produced. Apparently there was little 
or no removal of the inoculum by the 
nurse bees. Furthermore, since many 
larvae are able to live more than 22 hours 
on the food surrounding them, long caging 
periods would be required to allow them 
time to consume all their food. After all 
the brood in the comb containing the 
inoculated larvae was sealed, the comb 
was caged to prevent the bees from re- 
moving diseased brood, and placed be- 
tween combs of developing brood for the 
remainder of the developmental period. 
When development was complete and the 
brood was ready to emerge, the comb was 
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removed from the colony, each cell was 
opened, and the percentage of diseased 
cells determined. 

Brood from 19 colonies, representing 
various strains of bees and various degrees 
of resistance, was inoculated to determine 
the influence of colony resistance on the 
infection produced by the individual 
inoculations. Most of the colonies had 
previously been under test for resistance 
and had been inoculated at that time for 
testing purposes by the feeding of infec- 
tious sugar sirup. No diseased brood, how- 
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inoculated larvae becoming infected in the 
combs containing inoculated larvae dem- 
onstrates that the infectious material with 
which the individual larvae were inocu- 
lated was not spread to other larvae ap- 
preciably by the nurse bees. The limited 
spread of disease from the inoculations is 
also shown by the fact that all except two 
of the 16 colonies used for feeding and 
sealing the inoculated brood remained 
free of disease throughout the experi- 
mental period. One colony was given 5,941 
cells of inoculated brood in 29 combs. 


Table 1.—Effect of age on the infection of larvae individually inoculated with spores of Bacillus 








larvae. 
INOCULATED LARVA! LARVAE IN SAME ComBs 
Not INoc ULATED 
Age When Removed — " eeapsituiras miata i 
Inoculated Potal before Sealing Sealed Infected Sealed Infected! 
Days Number Per cent Number Per cent Number Percent 
ito | IS, 454 $2.7 12,402 4.1 39,212 0.1 
lto2 957 3.8 921 t.8 3,400 0.0 
2to 4 1,125 5.0 1,091 0.0 1,535 0.1? 
B font led 
| “ ml culated in the first day of larval life. 


ever, Was found in these colonies while 
they were used to furnish brood for in- 
dividual inoculations. 

Errect or AGr or LARVAE ON Sus 
cepTipitity.-The results of inoculating 
20,516 larvae of various ages are sum 
marized in table 1. As was found to be the 
case with larvae inoculated by spraying 

1941a), inoculation within 24 hours after 

hatching! produced much more infection 
than inoculation of older larvae. Since 
only 1 larva inoculated after reaching an 
age of 1 day 18 hours became infected, 
this must be near the upper limit in age 
for susceptibility. This result substantially 
agrees with the findings in the earlier 
work, in which only a few larvae became 
infected after being sprayed with spores 
at an age of 2 days 5 hours. It is possible 
that extremely large numbers of spores 
may cause infection in somewhat older 
larvae, but it is more probable that these 
relatively small differences were due to 
differences in hatching time and in larval 
developmental rate. 

Krrect oF NursE Brees ON SPREAD O1 
Disease. The small percentage of un- 


Disease was found in 1,236 of these cells, 
but none was found in any of the other 
combs of this colony, in spite of the fact 
that 1,492 of the inoculated larvae and 
the contaminated food surrounding them 
were removed by the nurse or the house- 
cleaning bees. These larvae were removed 
before they were sealed, at which time 
Bacillus larvae in normal colonies has been 
found to be entirely in the noninfectious 
rod stage. 

Revation oF Dose To INFEecTION.— 
The larger numbers of spores produced 
infection in a larger percentage of the 
inoculated larvae than did smaller num- 
hers, as shown in table 2. There was also 
wide variation among individual combs 
in the pereentage of larvae becoming dis- 
eased after inoculation with a given num- 
ber of spores. For example, the infection 
produced by inoculation with 50 spores 
per larva ranged between 37.5 and 100.0 
per cent. Similarly, that produced with 
5 spores ranged between 9.7 and 85.0 per 
cent. Infection of all inoculated larvae 
sealed by the bees was produced by inocu- 
lations with 25, 50, 100, 1,000 and 100,000 
spores. These variations indicate that in- 
fection did not depend entirely on the 
number of spores added to the food. 
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Table 2.—Effect of number of spores of Bacil- 
lus larvae on removal and infection of larvae in- 
oculated within 1 day after hatching. 








CoMEs LARVAE 
SPORES oF Remov ep 
PER Broop LARVAE Berore LARVAE 
LARVA INocuLATED INOCULATED SEALIN« INFECTED 
Number Vumber Number Per cent Per ee 
100 , 000 14 993 2.5 88.8 
10,000 8 725 47.9 s? 
1,000 20 1,940 46.4 84.9 
100 +8 +. 744 3.1 58.7 
xO 16 1.004 $2.5 63.6 
25 18 1,169 28.6 51.4 
10 8 2. 662 276.0 2% 2 
5 19 1,202 20. 6 16.8 
2 15 708 14.2 23.5 
I 29 2.511 19.8 7.8 
0.5 2 201 0.8 6.7 
0.1 6 $90 32.2 1.2 
0.05 2 700 24.5 0.7 
o 10 914 8.8 0.0 
2 201 $4 0.0 
Theoretical approximate number of spores obtained by dilu 
tion of standard inoculum. Fractional numbers indicate the 
probability of a larva receiving a spore 
Based on the number of larvae sealed 
Only one season's observations 


Inoculated with sterile distilled water 
Located only, not inoculated 


A single spore apparently was sufficient 
to cause infection, but larger doses in- 
creased the chances of infecting the larvae 
before they became too old. 

Removat or INocutatep Larvae. 
Inoculated larvae were removed from all 
combs before they were sealed, with great- 
est losses occurring early and late in the 
season in periods of poor brood-rearing 
conditions. Removal was due to several 
factors, the more important of which were 
normal mortality, exposure of the brood 
to the weather during inoculation, de- 
velopment of disease within the larvae, 
and the tendency of the colony to remove 
diseased brood in the early stages of de- 
velopment. 

In an attempt to measure normal losses 
and those associated with the inoculation 
procedure, sterile distilled water was used 
in place of spore suspensions for inoculat- 
ing larvae in some combs, and in two 
combs the removal among larvae not 
inoculated was observed (Table 2). 


Table 3.—Comparative infection of worker 
larvae from a susceptible and a resistant colony, 
in 3 paired tests, after inoculation with spores of 
Bacillus larvae within 1 day after hatching. 





Seacep Larvae INFectep arrer 


[Noe INOCULATION WITH 
LATED - 
LARVAE 50 25 10 5 1 
COLONY SEALED spores spores spores spores spore 
Number Per Per Per Per / 
/ cent cent ent dnt 
Susceptible 827 53.8 17.8 16.4 14.0 1.8 
Resistant 508 55.1 4.3 18.1 10.6 ; 8 
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The addition of the spore suspensions 
to the food was responsible for most of the 
removal among young larvae. Further- 
more, since the removal among them was 
in general proportional to the size of dose 
and infection, it is apparent that much of 
the loss resulted from infection. Later ob- 
servations have proved this to be the case. 
It is unsafe to assume, however, that all 
removal in excess of the 8.8 per cent pro- 
duced by inoculation with water was due 
to infection, since inoculations with water 
were confined to only a few of the combs 
under observation. 

RELATIVE SUSCEPTIBILITY OF WORKER, 
QuEEN, AND Drone Larvar.— While it 
might seem that the failure of the larger 
numbers of spores to produce disease in 
all larvae was due to resistance in the in- 
dividual larva, wide variations in infection 
produced by a given number of spores in 

Table 4.—Infection of queen larvae produced 


by inoculation with spores of Bacillus larvae 
within 1 day after hatching. 





SPORES La 4 La 4 Dts 
Pr TRANS K ASED 
I Vl PRANSFERE ’ La 4 } Kt v ’ LAR at 
\ \ \ \ 
When inoculated 1 ooo | Is 10 
I da aft ilat roo if 4 





the brood from one colony indicate that 
this was not the case. Since, as already 
mentioned, young larvae sometimes can 
live more than 22 hours on the food that 
surrounds them, by the time the larva 
consumes that part of the food to which 
the spores have been added many larvae 
may be too old to be infected. When the 
infection produced among worker larvae 
of resistant and susceptible colonies is 
compared (Table 3), it is apparent that 
colony resistance does not depend on 
larval resistance. Comparisons with brood 
from other colonies produced similar re- 
sults, regardless of whether the inoculated 
larvae were from susceptible or resistant 
colonies. 

Queen and drone larvae were inoculated 
to learn whether they are as susceptible as 
worker larvae. Two procedures were fol- 
lowed in the inoculation of queen larvae. 
In the first, a recently hatched worker 
larva was transferred directly into a drop 
of spore suspension placed in each arti- 
ficial queen-cell cup and then placed in a 
healthy queenless colony for rearing. After 
the queen cells were sealed, the frame con- 
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taining them was caged to prevent the 
bees from removing any diseased larvae 
in the sealed stage. The second procedure 
was the same, except the larvae were 
inoculated as worker larvae in the cells in 
which they had hatched, and about 24 
hours later were transferred to clean, dry 
artificial queen-cell cups. Both methods 
produced infection (Table 4) 

Drone larvae, obtained by forcing a 
queen to lay in a drone comb built from 
drone comb foundation, were given the 
same inoculation and manipulative pro- 
cedure used for worker bees. It was found 
at emergence time that about 45 per cent 
of the larvae reared in the drone cells of 
this comb were workers. Because it was 
impossible to determine whether some de 
composed larvae were workers or drones, 
the percentages of infection in the two 
castes could not be determined, but a 
large proportion of the inoculated drone 
larvae became infected (Table 5 

\pparently queen and drone larvae 
may become infected as readily as worker 
larvae. The less frequent observation of 
infection in drones ts probably due largely 
to the smaller number of drones reared. 
The small number of cases in which dis- 
ease is observed in queen larvae is doubt- 
less due to the small number of queens 
reared in proportion to workers, particu- 
larly in heavily diseased colonies, and to 
the tendency for the bees to destroy queen 
cells when there is anything abnormal 
about them. 

SuMMARY.—-Controlled inoculation of 
individual honeybee larvae in American 
foulbrood studies was accomplished by 
adding, with a hypodermic syringe, aque- 
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_ Table 5.—Infection of drone and worker larvae 
in drone comb produced by inoculation with 
spores of Bacillus larvae within 1 day after hatch- 
ing. 





Broop Diseasep 

Spores Larvae Larvae - - — — 

PER INocu- Re- Unclassi- 
LARVA LATED MOVED Drones Workers fied 


Number Number Number Number Number Number 
100 118 +4 29 7 9 
1,000 188 75 39 48 t 





ous suspensions of spores of Bacillus 
larvae to the food surrounding young 
larvae. Inoculation in the first day of 
larval life produced infection in a much 
larger percentage of the larvae than did 
inoculation in the second day. Only 1 
larva inoculated on reaching an age of 1 
day 18 hours became infected. Inoculation 
of larvae 2 days of age or older produced 
no infection. Many inoculated larvae were 
removed by the bees before sealing time, 
infection being the principal reason for 
removal. The removal of such larvae 
caused little or no spread of infection. 

A single spore apparently was sufficient 
to cause infection, although inoculations 
with large numbers of spores caused dis- 
ease in a larger percentage of the larvae 
than did smaller numbers. _— 

There was no evidence of larval resist- 
ance to the disease, although it is known 
that colonies through the behavior of 
adult bees do show distinct differences in 
resistance. Results obtained with larvae 
from resistant colonies and from suscep- 
tible colonies were indistinguishable. In- 
fection was produced in queen and drone 
larvae as readily as in worker larvae. 


6-29-42. 
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A Preliminary Report on a Treatment for 
Fleece-worm Infestations in Sheep’ 


E. F. Knrpeuine,? UV 


In laboratory tests of the relative tox- 
icity of certain organic and inorganic 
compounds to larvae of the fleece-worm 
flies, Phormia regina Meig., Cochliomyia 
macellaria F., and Lucilia sericata Meig., 
the writer (Knipling 1941) found several 
of the organic compounds to compare 
favorably with arsenicals and boric acid, 
the materials used for their control in 
some parts of the world. The preliminary 
results obtained on fleece-worm infested 
sheep with certain of the synthetic organic 
compounds in combination with benzol 
will be described in this re} ort. 

Inasmuch as fleece worms are present 
in the sheep together with the screwworm, 
Cochliomyia americana C. & P., acting as 
secondary invaders in wounds caused by 
the latter, it is advantageous to stockmen 
to have the treatments for the two infesta 
tions coincide as closely as possbile. The 
materials chosen for practical tests were 
those that have found effective 
against the screwworm. Instead of using 
separate treatments for destroying the 
larvae and for protection against reinfes 
tation, efforts were directed toward the 
development of a combination treatment 
that would kill the larvae and at the same 
time provide protection against reinfesta- 
tion. 

Benzene (known in the trade as benzol 
has been used as a screwworm larvicide 
following the work of Parman (1925). 
More recent investigations by Melvin ef 
al, (1939a, 1939b) and by Parish & Knip 
ling (1985) established that certain or- 
ganic chemicals, such as diphenylamine, 
diphenylene oxide, and p-nitrophenetole, 
are more effective than pine-tar oil in 
protecting wounds against reinfestations. 
McGovran’ in 1937 found a solution of 
benzene 55 per cent, diphenylene oxide 20 
per cent, and sulfonated castor oil 25 per 
cent to be effective as a screwworm 
larvicide, and also to provide some wound 
protection. Melvin and associates’ in 1937 
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and 1938 tested equal parts of benzene 
and diphenylamine against the screw- 
worm, but the treatment did not prove to 
be practical. Early in 1940 the writer 
Knipling 1941)° found that in the pres 
ence of certain wetting agents, such as 
sulfonated castor oil, the percentage of 
benzene could be greatly reduced without 
appreciable loss in larvicidal effectiveness. 
Benzene was found to be effective when 
incorporated into smears or ointments 
containing diphenylamine, diphenylene 
oxide, or other wound protectors. Subse 
quent investigations (Melvin et al. 1941 
resulted in the development of a practical 
combination remedy against the screw- 
worm, which is now being recommended 
for general use. 

In view of these results against screw 
worms, benzene and the wound-protector 
materials diphenylamine, diphenylene 
oxide, and p-nitrophenetole were used in 
investigations on the treatment for fleece 
worms. These tests were conducted during 
1939 and 1940 at Menard, Tex. 

Mertuop.—The sheep were artificially 
infested with Phormia regina, or with 
mixed cultures of P. 
macellaria, and Lucilia spp., 
citrated blood to an area about 
in diameter, generally in the crotch or 
near the base of the tail, and then placing 
about 500 to 1,000 newly hatched larvae 
or larvae that had fed for several hours 
near the center of this area 

Larvae were allowed to develop for 
three or four days before the treatment 
was applied. Most infestations were light 
to moderate in severity at the time of 
treatment. The diameter of the infested 
inches. 
the 


Was frec- 


regina, Cochliomyia 
by applying 


8 inches 


area was, on the average, 6 to 7 
Prior to treatment, in most 
wool around the infested area 
moved with hand shears, as advocated by 


CASCS, 


Bishopp et al. (1926). Shearing aids in 
determining the extent of infestation, 


and the sheared strip tends to prevent 
migration of larvae, although larvae do 
infested 


not migrate out of areas so 
readily as is generally believed. The wool 
immediately above the infestation can 
then be clipped close to the feeding larvae, 


BOG 






































December 1942 


so that effective treatment can be made 
with a minimum amount of material. 

The solutions used were poured onto the 
infested area. Check animals were treated 
in the same manner except that the ben- 
zene did not contain added chemicals for 
protection. 

After treatment the animals were ex- 
posed in a small pasture where Phormia 
regina, Cochliomyia macellaria, and some 
Lucilia spp. were active. Observations 
were made each day for 2 days and at 2- 
or 3-day intervals thereafter to determine 
the number of eggs deposited, the per- 
centage hatch, the date of reinfestation, 
the number of larvae, and the time re- 
quired for wounds to heal. Check animals 
that reinfested were re-treated 
with a combination containing a protec- 
tive chemical. Infestations of the type 
and severity used in these tests generally 
heal in 10 to 16 days, although there 
appears to be little chance for reinfesta- 
tion after the first week. 

The tests were made during April and 
May. Weather conditions varied, but 
some groups of treated animals were ex- 
posed to rains which occurred during the 
course of these studies, and no apparent 
decrease in effectiveness of the treatment 
was noted. 


became 


A few tests were made in which the use 
of benzene to kill the larvae was followed 
by the application of the granular syn- 
thetic wound protectors, as recommended 
for the treatment of screwworm infesta- 
tions at the time. It was soon recognized, 
however, that the most convenient and 
effective method was to dissolve the pro- 
tective chemical in benzene and apply as 
a single treatment. 

Benzene containing 15 per cent of the 
wound-protective material was used in 
these tests and in some treatments 10 per 
cent of a wetting agent was added. Tur- 
key-red oil (sulfonated castor oil), Wetsit 
('oncentrated, and Albasol a.r. were used as 
wetting agents, although Albasol a.r. was 
chosen in most tests since it is readily 
soluble or miscible with benzene in all pro- 
portions. 

Resutts.— Results of tests with those 
combinations given most consideration 
are shown in table 1. It may be noted 
that a high degree of protection was ob- 
tained with all the materials. Only one 
reinfestation occurred among 33 animals 
treated with the diphenylamine solution, 
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and none occurred among animals treated 
with other combinations. 

When mixtures of benzene and diphen- 
ylamine or diphenylene oxide solutions 
containing turkey-red oil or Wetsit Con- 
centrated were used, no reinfestations 
occurred. 

In addition to tests on artificially in- 
duced infestations, 14 natural infesta- 
tions were treated with the combinations 
of benzene and diphenylamine or diphen- 
ylene oxide. No reinfestations occurred. 


Table 1.—Effectiveness of benzene combined 
with 15 percent of diphenylamine, diphenylene 
oxide, or p-nitrophenetole, with an without a 
wetting agent (10 percent) on artificially induced 
fleece-worm infestations on sheep. 





NUMBER OF NUMBER OF 
ANIMALS ANIMALS 
TREATED REINFESTED 


MATERIAL COMBINED 
witH BENZENE 


Diphenylamine 33 1! 
Diphenylene oxide 46 0 
p-Nitrophenetole 10 0 
Diphenylamine and 

Albasol a.r. 13 0 
Diphenylene oxide and 

Albasol a.r. 53 0 
Benzene (check) +4 3¥ 





' Reinfested on second day after treatment. 
2 $1 reinfestations on first day after treatment, 1 on the 
second day, and 2 on the third day. 


The results indicate that benzene con- 
taining approximately 15 per cent of 
diphenylamine is an effective and con- 
venient treatment for fleece-worm infesta- 
tions in sheep. Diphenylene oxide and 
p-nitrophenetole are indicated to be equal 
or superior to diphenylamine in prevent- 
ing reinfestations, but since diphenyl- 
amine is used in the treatment of screw- 
worm infestations, this chemical would be 
most practical. 

The addition of a wetting agent may 
be advantageous, but it is questionable if 
the increased cost of the material is 
justified. More tests on natural infesta- 
tions are necessary to determine this 
point. Wetting agents increase the larvi- 
cidal effectiveness of the treatment, as 
first noted by MeGovran (1937), in tests 
on the serewworm. However, benzene 
alone is highly effective against fleece 
worms. Wetting agents also cause smaller 
crystals to form and, by decreasing the 
spread or “creeping” of the protective 
chemical to the ends of the wool fibers as 
the benzene evaporates, promote recrys- 
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tallization on or near the infested area. 
This would seem to result in more effec- 
tive protection. 

Although benzene containing 15 per 
cent of protective chemical, with or with- 
out a wetting agent, is indicated to be 
effective, on further investigation varia 
tions in this formula may be found to be 
most practical. 

These observations that 
ments of the type discussed prevent rein- 
festations in three ways: (1) The chemi 
cals used must have some repellent action, 


show treat- 


since fewer eggs are deposited on treated 
animals than on check animals treated 
with benzene 2) the chemicals 
show considerable ovicidal action against 


alone; 


eggs deposited after treatment; and (3 
the chemicals kill larvae that hatch from 
such eggs as may be deposited, 

VALUE OF SHEARING Berore TrEA‘ 
MENT.—To determine the advantages of 
removing most of the long wool from the 
infested treatments were 
made on unsheared infestations. Fifteen 
animals treated with benzene 
diphenylamine, with and without the 
addition of Albasol a.r. From 3 to 4 times 


needed to 


areca, some 


were so 


as much of the solution was 


JOURNAL OF EcoNoMICc ENTOMOLOGY 





Vol. 5. No. ‘; 
make a thorough application on = un- 
sheared sheep as when most of the wool 
was removed, and 3 reinfestations oc- 
curred among the 15 unsheared animals. 
Reinfestations occurred on the third, 
fourth, and fifth days. Results in table 1 
show one reinfestation among 46 animals 
treated with these combinations when 
most of the wool was removed from the 
infested area prior to treatment. It ts 
helieved that this difference is significant. 
Six unsheared animals treated with ben- 
zene-diphenylene oxide combinations did 
not become reinfested. Six animals treated 
with benzene alone were all reinfested on 
the first day after treatment. 

The shearing of wool from the infested 
area prior to treatment ts therefore the 
most practical method to even 
though it is time-consuming. Not only is 
less material required for thorough appli 
cations, but the operator can more easily 
determine the limits of the 
for it is important that the entire infested 
treated. The wool removed can 
ren oved 


follow 


infestation, 


area be 

he saved, whereas if it is not 

much will be lost by natural sloughing as 

a result of the injury caused by the larvae 
10-2-42. 
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Factors Predisposing Animals to Screwworm 


Infestation in Texas 


Henry FE. Parisu,' 


During the secrewworm seasons of 1936, 
1938, 1939, and part of 1940, field tests 
with larvicides, repellents, and wound 
protectors were conducted at Menard, 
Tex. Incidental to the collection of data 
on larvicidal and protective action of the 
various materials tested, notes were made 
on the factors predisposing animals to 
screwworm infestation. 

During the period in which these ex- 
periments were conducted, over 6,000 
wounds were treated. Virtually all treat- 
ments were made by highly trained sci- 
entific men, who had a wide knowledge 
of the livestock industry or were given 
the needed training before attempting 
field ranch animals. The 
investigators were aided by 


treatments on 
more 
reliable and capable cowboys who per- 
formed much of the labor connected with 
the application of test materials to the 
wounds. It is felt that with this well- 
rounded organization the data collected 
on the kinds of infested wounds in live 
stock are authentic. 

Laake (1936) published a complete list 
of the predisposing causes of myiasis from 


one or 


the same general area in which these data 
were collected. The information included 
in the publications was compiled from re 
ports of ranch hands, who may or may 
not have been capable of accurately deter- 
mining the true cause of screwworm in 
festations 

Regardless of the fact that 
as a whole are not disposed to make radi 


ranchmen 


cal changes in management of their live 
stock, certain changes have taken place 
during the past few vears. With evolution 
of management some kinds of serewworm 
cases have almost completely disappeared 
and new kinds have taken their places. 
The new types of infestation have often 
proved to be of greater economic impor- 
tance than those that have been elimi- 
nated. This paper has as one of its objec 


tives a discussion of ways and means of 


combating newly developed perils, as well 
as those that are familiar to all ranchmen, 
in the area involved. 

The area in question is typical ranch 


The write expresses his ppreciation t I I Knipling 
John Bigham. and assistants for aid in lect the re j 


S. Department of Agriculture, Bureau of Entomology and Plant Quarantine 


land of the Edwards Plateau region, but 
recommendations embodied herein would 
be applicable, at least in part, to the en- 
tire sheep- and goat-producing area of 
western Texas. Although the recom- 
mended practices for the elimination of 
certain predisposing causes of screwworm 
infestation cannot be uniformly adopted, 
it is felt that if those which are feasible 
could be put into practice a direct benefit 
would be derived. 

By taking advantage of every practical 
means of preventing screwworm infesta- 
tions in livestock, ranchmen spend less 
for costly remedies and labor, and reduce 
losses in weight of animals, wool, and 
mohair. They also prevent the death of 
many animals from screwworm attack. 

A list of the kinds of wounds infested 
in eight® classes of livestock, as compiled 
from notes taken in field tests in Menard 
and Kimble Counties, is presented in ta- 
ble 1. Although the list may not be com- 
plete, it does present the most outstanding 
causes of screwworm infestation. 

Some man-made wounds and infesta- 
tions in them can be eliminated by follow- 
ing proper ranch practices. Shear cuts 
alone were responsible for 48.1 per cent 
of the serewworm infestations in grown 
goats and 73.8 per cent in kids and caused 
almost 5 per cent of the infestations in 
grown sheep. Such injuries can be greatly 
reduced, if not eliminated, in sheep by 
proper timing of shearing—that is, shear- 
ing before screwworms appear—and_ by 
applying a suitable wound protector to 
wounds that do occur. Reducing infesta- 
tions in shear-cut sheep in the spring will 
undoubtedly reduce the potential fly 
population later in the season. Those 
sheep that are severely cut should be 
placed in a hospital trap and treated until 
the wounds are no longer vulnerable to fly 
attack. 

Since the long-comb shearing equip- 
ment, which leaves approximaely three- 
eighths inch of mohair on goats, has been 
placed on the market, shear cuts in goats 
should be greatly reduced. The use of this 

Thirteen infested horses and 44 hogs are included in the total 


Che principal cause of screwworm 
while fighting in hogs was 


number of wounds treated 
nfestation in horses was wire cuts 


e principal cause. 
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Table 1.—Factors predisposing animals to screwworm infestations and incidence of each in eight 


classes of livestock. 





NUMBER AND PERCENTAGE OF Tota. INFESTATIONS 
Wounpb-PropucinG Factor Sheep Lambs Goats Kids Cattle Calves Potal 
Wounds made by man 
Branding 7 12 2 4 
Castrating 16 > 12 te 74 
Dehorning } t 9 
Docking 69 69 
Earmarking 
Registered tagging ; l l ) 
Shear cuts 124 16 O47 165 952 
Wounds that may be eliminated 
Birth 6 14 Lo ) 25 Jot 26 
Breeding 111 13 15 ] 1 
Cockleburs 7 ( 
Hog and dog bites 9 ) ) | 17 
Hooking 2 : , 
Lice l | 
Prickly pears SH 5 2 135 
Sore mouth aD 127 | 1t4 
Wounds that may be in part 
eliminated 
Boils 9S 2] 256 11 7 17 bh 
Broken horns 16 10 3 } > MH 
Horn flies 3 24 7 8S 24 194 
Needlegrass TOO 176 ] | 1,178 
Warts ; Oo | 28 141 
Wire cuts } 21 ( } 
Wounds requiring the aid 
research veterinarians 
(‘ancer brisket 7 b 20 
( ancer eve 17 | 
Lumpy jaw ) } ’ 
Pink eye 168 242 2 7 
Wounds that cannot be exten 
sively controlled 
Abnormal horn growth 6 ? 8 
Begger-lice' seed l l 
Briers and thorns 10 7 ‘ l 2. 
Broken bones (i | 
Drain from wound ) | 2 ) | 14 
Ear ticks 07 102 11 2 9 } 2 
Fighting 587 | t 61S 
Foot injuries 11 10 i) | | t ( 
Genitalia injuries 24 l l l l | 
Horse flies 12 15 
Wound licking 7 7 11 2 | 2s 
Old sores 2 } f 
scours 22 19 ] be 
Snags 51 9 27 2 J S| 
Snake bite 2 l ; | 
Stone bruises l 4 J 
Udder infections 118 17 ) 137 
Wet wool 6 14 0) 
Unknown 145 0 0) Ss 4 17 ( 
2, 522 1 324 45 224 274 bz 6,148 





! Daucus pusillus 


modern equipment not only results in 


fewer shear cuts during the fall shearing 
when screwworms are abundant, but its 
use is of distinct advantage in the spring 


shearing because the animals do not have 
to be kept in sheds for so long a period 
following shearing to prevent death loss 


during cold, wet weather. 
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Branding, castrating, dehorning, dock- 
ing, earmarking, and registration tagging 
accounted for the remaining man-made 
wounds. Of these, docking in lambs and 
castration in lambs, kids, and calves were 
the most important. Danger from all the 
man-made wounds except shear cuts and 
registration tagging can be eliminated by 
timely breeding in order that such opera- 
tions may be confined to fly-free periods. 

The use of the notch system of marking 
in lieu of metal ear tags, as used by some 
of the breeders’ associations, to identify 
registered animals would eliminate infes- 
tation caused by the use of metal tags. 

In regard to wounds other than man- 
made that may be eliminated, myiasis re- 
sulting from birth accounted for 63.7 per 
cent of the calves infested and 8.4 per cent 
of the cattle. These infestations can be 
eliminated by timely breeding in order 
that the young will not be born during fly 
season. 

Sore-mouth alone accounted for 9.6 per 
cent of the serewworm wounds in lambs. 
Since modern methods of vaccination for 
this disease have been developed, there is 
little excuse for serewworm cases predis- 
posed hy this disease. 

The practice of breeding some sheep 
out of season, for the purpose of breeding 
old ewes to be sold to northern buyers, 
has abruptly sprung into prominence. 
The act of certain 
amount of irritation and secretions in the 
vulvar region which are attractive to flies. 
Because of this practice many sheep are 
lost screwworm attack, but 
ranchmen feel that they are compensated 
for this loss by receiving a premium for 
their aged bred ewes. This condition can 
be corrected only if the demand for such 
animals has ceased or the ranchmen finds 
that the breeding of old ewes is no longer 
profitable. 

Prickly pear eradication will do away 
with a factor that was responsible for 3.4 
per cent of the infestations in sheep as 
well as a considerable number in lambs 
and The Federal Government, 
through one of its agencies, recognizes the 
benefit that may be derived from the de- 
struction of this plant by the reduction of 
screwworm infestations and is reimburs 
ing ranchers in part for its elimination. 
In this way livestock producers are taking 
advantage of one opportunity to combat 
the serewworm. 


breeding causes a 


owing to 


goats. 
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Cockleburs, hogs and dog bites, hooking, 
and lice play only a small part in produc- 
ing vulnerable wounds on livestock. These 
wounds, with the exception of hog bites, 
can be eliminated by destroying cocklebur 
stalks before the burs ripen, by working 
livestock without dogs and destroying 
stray dogs that attack sheep and goats in 
the pasture, by dehorning cattle when 
they are calves, and by dipping goats to 
control life. 

Of the wounds that may be in part 
eliminated, the outstanding type is that 
caused by needlegrass, which was re- 
sponsible for 27.8 per cent of the infesta- 
tions in sheep and 35.9 per cent of those 
in lambs. This menace to livestock can 
be partly controlled by proper grazing, 
especially during the spring growing sea- 
son. Some ranchmen have derived much 
benefit by extracting the seed pods of this 
grass, and wool that holds them, from the 
eye ducts of their sheep and lambs with 
blunt-tip forceps. Shearing all classes of 
sheep on the face and legs also gives relief 
from this grass. 

Apparently very little is known about 
the causes of boils that are common in 
livestock, especially in aged goats. Over 
21.3 per cent of the infestations recorded 
in grown goats were predisposed by boils. 
Although an occasional boil occurred in 
other classes of livestock, the percentage 
infested with screwworms from this cause 
was low. From observations made during 
the course of these studies, the writer 
feel that by disposing of aged goats this 
source of screwworm attack could be 
greatly reduced. 

Horn flies are responsible for inciting 
many screwworm infestations. Over 32 
per cent of the infestations in cattle were 
caused by this blood-sucking fly. It feeds 
on various parts of the body, causing vul- 
nerable places for screwworms. This fly 
may be reduced on cattle by placing a 
trap, described by Bruce (1940), in the 
gate through which animals go to water. 
The effectiveness of this trap depends on 
the control a rancher has over his water 
supply. 

Warts on animals were not a major fac- 
tor predisposing attacks of screwworms, 
although they were represented in 7.1 per 
cent of the goats and 10.2 per cent of the 
cattle infested. Warts may be removed 
easily with a knife or a pair of curved 
surgical scissors. In removing warts it is 











necessary to take off all skin, as well as 
tissue, that is affected by the growth. The 
writer has removed as many as thirty 
small warts from one cow without re- 
currence or harmful effects. Operations 
are more successful if performed in the 
early stage when very little skin and tissue 
is involved. It is advisable to examine all 
animals at definite intervals and sep- 
arate those with warts from the rest of 
the herd. These animals should be placed 
in a trap pasture and given special atten- 
tion in order that they may not become 
infested with serewworms. During the 
fly-free period valuable animals should 
have their warts removed and undesirable 
animals should be disposed of. 

Careless and unnecessarily rough han- 
dling of livestock may result in broken 
horns. This is especially true in old goats 
during the process of dipping. More care- 
ful handling of livestock would materially 
decrease injuries and resulting secrewworm 
attack. 

The general use of barbed wire on fences 
and the carelessness that is often shown 
in disposing of rusted-out and unused wire 
of this type often render animals suscep- 
tible to screwworms. All unused barbed 
wire should be disposed of in such manner 
that livestock cannot come in contact 
with it. 

Of the wounds requiring the aid of re- 
search veterinarians, only those from pink 
eye, which causes much damage to sheep 
and lambs, are of great concern. 

Ordinarily little attempt is made to 
control cancer brisket in sheep and goats, 
cancer eye in cattle, and lumpy jaw in 
sheep and cattle. Animals that acquire 
any of these diseases seldom, if ever, 
fully recover. The animals that do recover 
from cancer brisket are subject to re- 
currence. The most practical method of 
combating these growths and infections 
is to dispose of the animals affected. 

Of the wounds predisposing myiasis 
that cannot be extensively controlled, 
those from fighting, udder infections, and 
the ear tick are by far the most impor- 
tant. With the control of ear ticks over 
7 per cent of the screwworm infestations 
in lambs and over 3 per cent in sheep and 
cattle could be eliminated. Studies on the 
control of this pest are now under way 
by the Bureau of Entomology and Plant 
Quarantine of the United States Depart- 
ment of Agriculture. 
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Screwworm infestations in bucks as the 
result of fighting are of major concern to 
all sheep producers. During the entire 
screwworm season of 1939 a record was 
kept of the number of horned and muley 
bucks on one ranch that became infested 
with serewworms because of fighting. 
This test involved 147 muley and 107 
horned bucks, which were kept in the 
same pasture. All the horned bucks were 
fitted with commercial buck masks, which 
are supposed to prevent fighting. The 
results disclosed that 26.1 per cent of the 
muley bucks and 22.4 per cent of the 
horned bucks became infested. It can be 
seen that if only muley bucks are main- 
tained, or if horned bucks are masked, 
the problem of fighting among these ani- 
mals still remains. 

Udder infections commonly known as 
“spoiled bag” are common among sheep 
and less frequent among goats and cattle. 
These conditions are principally caused 
by the udder becoming congested when 
the young cannot consume the supply of 
milk offered, or by the loss of the offspring. 
In time the udder bursts and the screw- 
worms readily develop in the vulnerable 
area. Females that have distorted udders 
should never be bred. They should be 
used only as wool or mohair producers, in 
the case of sheep and goats, and beef in 
the case of cattle; and be marketed as soon 
as their condition warrants. 

The greater part of screwworm infesta- 
tions in livestock can be prevented or 
controlled by various means. When all 
controllable wounds are made between 
December 1, and April 30 in Menard and 
Kimble Counties, the fly population in 
the summer months can be kept at a 
minimum and the uncontrollable wounds 
during the summer period will be less fre- 
quently and less grossly infested. 

For some of the cases treated, the cause 
of the infestation could not be accurately 
determined. 

SumMary.— During the seasons of 1936, 
1938, 1939, and part of 1940, studies were 
made of more than 6,000 serewworm-in- 
fested wounds in domestic animals in 
Menard and Kimble Counties in the Ed- 
wards Plateau region of Texas. 

Forty-three factors predisposing ani- 
mals to myiasis in eight classes of live- 
stock were recorded. 

The most frequently infested man-made 
wounds were shear cuts, which were re- 
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sponsible for 48 per cent of the infestations 
in goats and 73 per cent in kids. 

Of the eight types of wounds that may 
be eliminated, those from birth are by 
far the most important, making possible, 
about 63 per cent of the secrewworm infes- 
tations in calves and 8 per cent in cattle. 

Of the six types of wounds that may be 
eliminated in part, the most outstanding 
in this group was that from needle grass, 
which was responsible for about 35 per 
cent of the screwworm infestation in the 
lambs and about 27 per cent in sheep. 

Four wound types that require the aid 
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of research veterinarians are listed. Pink 
eye was the most important, it being 
responsible for about 18 per cent of the 
screwworm attacks on lambs and about 6 
per cent on sheep. 

Kighteen types of wounds are listed 
that cannot be extensively controlled at 
the present time, but the screwworm flies 
that might infest these wounds can be 
reduced in numbers. 

Practical recommendations are given 
for the elimination of certain types of 
wounds that might be infested by screw- 
worms.— 7-15-42. 
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The Biology of Theobaldia inornata Williston, 


in Captive Colony 


Witiiam B. Owen, University of Wyoming 


The observation that Theobaldia inor- 
nata Williston would mate in small cages 
led the writer to attempt its establishment 
in a captive colony. A brief report of suc- 
cess in this effort was made by Owen 

1937). As only a limited number of species 

of mosquitoes are known to be adapted 
for continuous rearing in the laboratory, 
it was thought desirable to obtain addi- 
tional information on the biology of T. 
inorta. Since the summer of 1987, this 
species has been repeatedly established 
in the laboratory and maintained for 
varying lengths of time. One colony was 
under observation for more than a year 
while it passed through a total of thirteen 
generations. The study has been con- 
cerned with methods of rearing larvae and 
also recording the biological character- 
istics of adults. 

MatTertaLs AND Metuops.— The mos- 
quitoes used were obtained from Laramie, 
Wyoming. Laboratory colonies were 
started from the progeny of wild females 
captured in the early spring and also from 
mature larvae and pupae collected in 
September and October. With one excep- 
tion, the procedure was to establish a 


captive colony in the fall and maintain 
it only during the winter months. 

The work of the first year was done in 
a room with temperature ranging from 
70° to 85° F. The mortality of both larvae 
and adults appeared unduly high under 
these conditions. In the subsequent 
studies, colonies were kept in a basement 
room with a temperature range from 60° 
to 70° F. The data are results of observa- 
tions made at the latter temperatures. 

Adults have been confined in cages and 
glass jars of several sizes. Quart fruit jars 
were commonly used except when it was 
desirable to provide space for large num- 
bers of individuals. Adults were provided 
with a humid atmosphere at all times. 
When stored in glass jars, this was accom- 
plished by maintaining water in the base 
of the container and covering the mouth 
with a strip of tightly woven cloth. Simi- 
lar conditions were created in the cages by 
wetting the wall periodically with a spray 
of water. 

Several methods of culturing larvae 
have been tested. Larval mortality and 
vigor of adults were used as criteria to 
evaluate rearing techniques. Egg produc- 








904 JOURNAL OF Economic ENTOMOLOGY Vol. 35, No. 6 


tion and longevity of females were utilized 
as tests of adult vigor. 

REARING OF LarRvAk.---Studies on the 
rearing of larvae have been limited to 
attempts to discover convenient methods 
which could be applied on a large scale. 
While no attempt was made to determine 
nutritional needs as expressed in terms 
of a critical assay of the constituents of 
the food, certain basic requirements were 
kept in mind. The materials tested as a 
source of food can be conveniently classi- 
fied as proprietary products and natural 
food. 

The materials designated as _ proprie- 
tary foods were used with tap-water and 
usually tested in a glass container of about 
one liter in capacity. Their relative merits 
have been difficult to evaluate. Attempts 
to standardize the amount of food that 
should be added to a known volume of 
water and a given number of larvae have 
proven unsatisfactory. Since the cultures 
were contaminated, there was no uni- 
formity in bacterial growth. It was neces- 
sary to change the water at frequent in- 
tervals to keep it from becoming foul. 
In view of the variable factors which may 
play a part in the use of this type of 
medium, the results are expressed in 
general terms. 

Pablum. This product was used by 
Johnson (1937) as a convenient source of 
food for the larvae of Aedes aegypti. The 
material was repeatedly tested with simi- 
lar results. Larval mortality was always 
about 40 per cent and the adults obtained 
never produced more than two egg masses. 

Loeffler’s Dehydrated Blood Serum, 
Powdered Whole Milk, and Fleischmann’s 
Yeast. Woke (1937) has used a mixture of 
these materials in tap-water as a successful 
medium for rearing Aedes aegypti. This 
was used for several months in the present 
study. The results show an average larval 
mortality of about 30 per cent, while three 
egg rafts was the maximum produced by 
any female. 

Pablum, Loeffler’s Dehydrated Bluvod 
Serum, and Fleischmann’s Yeast. These 
materials were used in approximately 
equal quantities and added to tap water. 
The results show no improvement over 
Woke’s medium. 

Pablum, Bacto-liver, and Fleischmann’s 
Yeast. The ingredients were used in ap- 
proximately equal amounts and added to 
tap-water. Larval mortality was again 


about 30 per cent, while three egg masses 
was the maximum number produced. 

Purina Dog Chow. This product was 
similar in composition to that used by 
Crowell (1940) for rearing Anopheles 
quadrimaculatus. Pellets were usually 
ground rather fine and added to tap- 
water. The cultures remained fresh for 
longer periods than did the other pro- 
prietary foods used. Larval mortality was 
usually about 30 per cent. Females reared 
on this material have survived for 5 weeks 
and laid a maximum of four egg masses. 
This product was the most satisfactory of 
the proprietary foods tested. 

The results of rearing larvae on these 
proprietary products show that colonies 
may be maintained when any one of them 
is utilized. However, the data on egg pro- 
duction suggested that the adults were 
not of maximum vigor. 

Efforts to improve the methods of rear- 
ing larvae led to attempts at culturing 
their natural food in an aquarium. The 
ideal culture appeared to be one that 
could be maintained over a period of 
many weeks with a minimum of care. 
Hay infusions were first tested. Limited 
trials with this medium indicated that it 
was difficult to manipulate. The culture 
now regarded as highly satisfactory was 
obtained through efforts to duplicate the 
biological qualities of a natural larval 
habitat. Field observations in the vicinity 
of Laramie, Wyoming, showed that the 
most productive larval habitat was a 
“vernal autumnal” pond supporting a 
rich growth of plankton, filamentous 
green algae, snails, and aquatic insect 
larvae. The constituents of this pond, 
exclusive of predaceous species, have 
served as the basis of the laboratory 
medium. The procedure in starting the 
culture is as follows: A glass aquarium 
with a maximum capacity of 20 liters is 
filled to the one-half or two-thirds level 
with pond water. To this is added a liberal 
quantity of decaying vegetation, a cluster 
of filamentous green algae, and several 
snails. A small amount of dry hay is 
usually added at this time. The aquarium 
is placed near a window where it can re- 
ceive sunlight. A fermentation and ripen- 
ing process follows, but it should not be 
permitted to proceed to the point at 
which the algae and visible forms of 
plankton are destroyed. This ripening 
process has been controlled by removing 
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a part of the decaying vegetation or by 
diluting with tap-water. After an interval 
of about two weeks the culture becomes 
stable. New growth ts visible in the mass 
of algae and an increase in the number of 
plankton organisms occurs. Eggs and 
newly hatched larvae are added to the 
culture at this time. A few dozen straws 
of hay are added about every two weeks. 
As the water evaporates, it is replaced 
with either tap-water or clear pond water. 
When properly managed, this culture be- 
haves as a semi-balanced aquarium and 
may be maintained in a highly productive 
state for a period of three months. A 
maximum of five to eight hundred mature 
larvae will thrive in the culture at once. 

No attempt has been made to analyze 
either the chemical or biological charac- 
teristics of this aquarium when in opera- 
tion. It has been utilized during the winter 
months of two seasons with comparable 
results. Larval mortality has never ex- 
ceeded 25 per cent and the adults are more 
vigorous than when reared on proprietary 
foods. The data on longevity and egg pro- 
duction of females reared under these 
conditions are given in table 1. 

Lire Cycte.—The eggs are deposited 
in rafts and are usually laid in the early 
part of the evening. The number in dif- 
ferent rafts varies, but seldom exceeds 
two hundred. The incubation period is 
four days at a temperature range of be- 
tween 60° and 70° F. The duration of the 
larval period is affected by the food supply 
as well as by temperature. The minimum 
time for larval devolopment under favor- 
able conditions is 15 days. There is a 
variation in the rate of growth among 
larvae from the same raft of eggs. The 
most precocious individuals may enter 
the pupal stage 5 or 6 days in advance of 
the retarded members. This unequal 
growth rate of larvae is common to both 
sexes. The more advanced males change 
to pupae from 1 to 2 days before the 
females. The duration of the pupal period 
is about 4 days. The sexes can usually be 
identified in this stage by the smaller size 
of the male. A similar condition has been 
described for Aedes aegypti by Cantrell 

1939). The adult males emerge from 1 to 
2 days in advance of the females. Adult 
females will accept blood when 2 or 3 days 
old and deposit the first eggs 5 days later. 
The time required to complete the life 
eycle at temperatures ranging from 60° 
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to 70° F. is approximately 30 days. 

Apu.Lt BioLtoGy——Mating.—The first 
account of mating in Theobaldia inornata 
is that by Howard et al. (1915). “The 
adults appear not to swarm for mating, 
certainly not to any marked extent. 
Copulation lasts for a considerable time. 
Dr. Dyar observed several pairs in copula- 
tion, resting on the under sides of some 
boards which were placed over water. 
.. . Both sexes of the pairs were standing 
on the boards, facing in opposite direc- 
tions.”’ There is no record of swarming for 
this mosquito. Under laboratory condi- 
tions, mating takes place readily in small 
cages and even in pint fruit jars. Confine- 
ment in these limited quarters seems not 
to inhibit the action. The mating response 
of the male is stimulated in confinement 
by activities of other individuals irrespec- 
tive of sex. The females appear to attract 
males while in flight and also when at rest. 
Females will mate within a few minutes 
after eclosion, while the males are more 
aggressive after a day. Males will mate 
repeatedly, but the females seldom repeat 
the act. 

Feeding.—Both sexes respond to sweets 
and should have access to a source of 
sugar the day after emergence. Individuals 
which have never been given food seldom 
live longer than a week. Blood-feeding by 
the females is carried on in the early 
evening or, rarely, at other periods. 
Starved females will accept blood on the 
second or third day after eclosion, but, if 
given sugar, this first feeding is delayed 
until they are 5 or 6 days old. The human 
has served as the source of blood meals in 
these studies. Since Yen (1938) fed this 
species on a dog, it is probable that other 
small mammals might be acceptable as a 
source of blood. When hungry females are 
confined in a small jar they accept blood 
readily through a cheesecloth cover. 
Several days are required to digest a full 
blood meal and a specimen will seldom 
feed to repletion again until a batch of 
eggs has been deposited. Immediately 
after oviposition, females are hungry and 
should be given either blood or sugar. 
Some females have been observed to void 
the entire blood meal on the day following 
feeding. 

Egqg-laying and Longevity of Females. 

Preliminary observations on females 
reared in the aquarium culture indicated 
that they were more vigorous than those 
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produced on proprietary foods. In order 
to secure data on maximum egg produc- 
tion and length of life, tests were made on 
14 females which had been reared in the 
aquarium. These were progeny of a single 
female and represented the second genera- 
tion in captivity. They emerged as adults 
on November 20 and 21, 1941, and, after 
mating, were isolated in pint jars. A water- 
soaked raisin was always available as a 
source of sugar and blood was provided 
by the author. Previous experience had 
proven that it would be impossible to 
maintain this number of individuals on a 
uniform schedule. Therefore, only during 


Table 1.—Blood-feeding, egg-laying, and 
longevity of Theobaldia inornata Williston. 





Sreecit- NuMBER NUMBER LENGTH 
MEN OF OF NUMBER OF 
Nu- BLoop Eaa OF Lirt 
BER MEALS Rarts Ecos Days 
l 7 6 912 11S 
2 Ss 7 895 100 
S$ 5 ) 715 119 
} 7 Ss 762 27 
5 8 6 734 S1 
6 q q 1.100 S83 
7 4 ‘ 670 52 
8 5 t 534 70 
9 6 5 690 140 
10 5) $ 610 145 
11 7 3 715 124 
12 t } 652 Sz 
13 } } 58S 96 
14 l l 234 9 
Total 78 70 9,811 1,341 
Average 5.57 5 700.79 95.79 





the early days of the experiment were 
large numbers of them given blood on the 
same day. Thereafter, blood-feeding was 
determined by the individual needs of 
each specimen and the convenience of the 
writer. When a female refused blood she 
was not often given another opportunity 
until several days had elapsed. After the 
acceptance of a blood meal, an individual 
was not offered this food again until she 
had deposited eggs, or until it was ap- 
parent that she would not oviposit without 
another meal. A summary of the informa- 
tion obtained on blood-feeding, egg-laying, 
and longevity for these 14 females is pre- 
sented in table 1. 

A feature disclosed by the records was 
the influence of age upon reproductive 
activity. With one exception, the largest 
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number of eggs was always laid in the 
first raft. The rafts produced at later 
dates have shown a gradual reduction in 
number. The average number of eggs de- 
posited in the first raft was 207, while 
the average number of the last was 99. 
Some individuals continued to accept 
blood and retain the reproductive function 
until death. Notable among these were 
Nos. 1, 2, 4, 5, 6, 7, 8, 11, and 12. On the 
other hand, Nos. 3, 9, 10, and 13 lived for 
a month or more after the last blood meal 
or oviposition. Repeated efforts to induce 
this latter group to continue feeding were 
unsuccessful. 

Only limited data have been recorded 
on egg production and length of life of 
wild females. Tests on a series of 10 col- 
lected as mature larvae and pupae gave 
the following results: The average number 
of egg masses laid was 3.5 per female and 
the maximum number was 5. The maxi- 
mum length of life among these individuals 
was 45 days. 

Any comparison between wild and 
laboratory-reared females should be made 
with caution, but it would appear that 
the females reared in the aquarium were 
perhaps more vigorous than wild stock. 


Relation of Blood-feeding lo Maturing of 


Eggs. A blood meal is usually necessary 
for development of the eggs in Theobaldia 
inornata, Only three instances have been 
recorded of females laying eggs when fed 
only raisins or sugar water. The number 
of eggs laid by each of these individuals 
did not exceed fifteen. The relation of 
blood-feeding to egg-laying was well 
demonstrated among the fourteen females 
used in the egg-production and longevity 
test. The minimum time between the first 
blood meal and oviposition was 5 days and 
the maximum was 7 days. As the in- 
dividual became older, the interval be- 
tween feeding and oviposition was pro- 
longed. The average number of days be- 
tween the first blood meal and egg-laying 
was 5.3, as compared with 8.9 days be- 
tween the last blood meal and oviposition. 
The regularity of oviposition after blood- 
feeding was striking among many in- 
dividuals. Nos. 3, 4, 6, 7, 10, 12, and 18 
produced eggs regularly as long as they 
continued to feed. The others missed at 
least one oviposition period, the latter 
condition being the result either of voiding 
the blood or unknown causes. No. 4 was 
the only member of the series laying two 
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Table 2.—Viability and hatching of eggs of 
Theobaldia inornata Williston. 





NUMBER 

SPECI- WITH NUMBER 
MEN NUMBER NUMBER DEAD UNDE- 
NUMBER LAD Hatrcuep EMBRYOS VELOPED 

l 912 692 208 12 

» SO5 S26 +] YS 

3 715 712 2 l 

} 762 TOL 2 58 

5 734 27 198 114 

G 1,100 1,100 0 0 

7 670 670 0 0 

8 554 1 10] 4 

9 690 O45 145 0 

10 610 50S 105 4 

11 715 G74 835 6 

l2 652 559 OS 0“ 

13 58S 5S6 ) 0 

14 254 232 0 -4 

Total 9 SI] 8.659 927 225 
Percentage 8S.25 9.44 2.29 





batches of eggs without accepting blood 
in the meantime. 

Fe rtility and Viability of Egqs. Ob- 
servations on eggs produced by captive 
females of T. inornata show that a high 
percentage are fertile. Although most of 
the fertile eggs hatch, some have been 
found to contain dead embryos which 
were apparently fully developed. Records 
of fertility and viability of the eggs pro- 
duced by the fourteen females whose pro- 
tocols are given in table 1 have been 
selected as representative. A summary of 
these data are presented in table 2. Death 
of embryos was highly variable, being 
very common in the eggs of some females 
and not occurring in others. Many of the 
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eggs showing no evidence of development 
were small, abnormal in shape, and pale in 
color. 

Discussion.—The wider use of mos- 
quitoes in biological research has increased 
the demand for knowledge of additional 
species which may be maintained in the 
laboratory. The number adapted for this 
purpose is limited to those not requiring a 
large space for swarming. The American 
species now commonly reared in captivity 
are Aedes aegypti, Anopheles quadrimacu- 
latus and A. punctipennis, Culex pipiens 
and C. quinquefasciatus. The data pre- 
sented on the biology of Theobaldia in- 
ornata indicate that it is equally well 
adapted for captive rearing. Its range 
covers the entire United States, southern 
Canada and the Mexican tableland. This 
wide distribution makes it possible for in- 
vestigators to secure the species locally in 
all parts of the United States. 

SumMary.— Theobaldia inornata can be 
easily established as a laboratory colony 
and appears to be well adapted for captive 
rearing. Although the larvae may be 
cultured by feeding them Pablam, Purina 
Dog Chow, and other proprietary products, 
the most satisfactory method of rearing is 
in a semi-balanced aquarium supporting 
their natural food. At a temperature range 
of between 60° and 70° F., a new genera- 
tion can be obtained in about 30 days. 

Blood-feeding is necessary for normal 
egg-laying. The average number of eggs 
produced by 14 vigorous females was 
700.79. Approximately 98 per cent of the 
eggs laid by captive females were fertile. 
The average length of adult life for vigor- 
ous females was 95.79 days.—7-12-42. 
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The Use of Cyanide in Controlling the Root Form of the 


Woolly Apple Aphid' 


Crype F. Smurn,? North Carolina Agricultural Experiment Station, Raleigh 


Leach (1918) reported killing all the 
aphids on a tree within a 4-foot basin 
when 1 ounce of sodium cyanide was used 
in 8 gallons of water. No injury to the tree 
was reported when the material was used 
at the above strength. 

Schoene (1922) stated that potassium 
cyanide in pulverized form used at the 
rate of one-fourth to one-half ounce per 
tree generally killed the aphids and in 
most instances injured the tree. 

Rahman & Khan (1941) stated that 
calcium cyanide did not cause damage to 
roots of the trees under experiments. They 
also reported a mortality of 90 to 95 per 
cent when one-third to one-half ounce was 
applied in a circle with a 2 foot radius 
around the tree. 

Smith (1941) stated all the aphids were 
killed on the roots of approximately 95 
per cent of the trees treated when 0.2 to 1 
gram of sodium cyanide was used per 
tree in 1 quart of alkaline water. Injury 
to the tree occurred when more than 1 
gram of sodium cyanide was used per 
tree or when 1 gram was used in less than 
1 quart of water. 

PREPARING AND APPLYING THE SODIUM 
Cyanipe.—In the present experiments 
the sodium cyanide was dissolved in water 
which had been made alkaline by the ad- 
dition of potassium hydroxide. In order 
to be certain the water was alkaline, it was 
checked with neutral red which gives a 
yellowish color in a strongly alkaline solu- 
tion but changes to red while the solution 
is still slightly alkaline. 

When the sodium cyanide was used in 
an alkaline solution the hydrocyanie acid 
gas was not given off until the acid in the 
soil reacted with the alkali of the solution. 
All the soil tested from nurseries in North 
Carolina had a relatively high acidity 
(pH 4.6 to 6.0) so there was no danger 
of all the solution not being neutralized 
rather rapidly and hydrogen cyanide 
being given off after the material was ap- 
plied to the soil. It is only necessary to 
add enough hydroxide to make the solu- 

1 Contribution from the Department of Entomology, North 
Carolina Agricultural Experiment Station. Published with the 


approval of the Director as Paper no. 139 of the Journal series 
? Assistant Entomologist. 


tion alkaline; however, as much as 5 
grams of potassium hydroxide per tree 
has been used without injuring the tree or 
affecting the controlling power of the 
cyanide. 

All of the following experiments were 
performed on trees that had been in a 
nursery for from 1 to 2 years. In all cases 
the trees were examined before treatment 
to make certain that their roots were in- 
fested with aphids. The examination was 
made by pulling a little of the surface soil 
away from the tree. If the tree was in- 


fested additional soil was removed thus 
forming a small bowl-shaped area (ap- 
proximately one quarter square foot) 


around the tree to hold the liquid when it 
was applied. A given amount of the solu- 
tion was then poured around the tree and 
then covered with sufficient soil to extend 
an inch or so above the surrounding soil 
surface. When a quart or more of material 
was used around a tree some time was re- 
quired for the material to soak in. In such 
cases 1 pint of the liquid would be poured 
around the tree and allowed to soak in, 
then another pint was applied. 

Metnuop or CueckinG Resvutts.—The 
trees were removed from the soil 10 to 30 
days after treatment and checked im- 
mediately for living aphids and chemical 
injury. Because of the rapid rate of re- 
production of the woolly apple aphid it 
was deemed advisable to classify the 
treated trees in two categories, 7.¢., “living 
aphids,”’ trees which still had living aphids 
on the roots; and, “no living aphids,” 
trees which did not have living aphids on 
the roots. The trees were checked for in- 
jury at the same time and classified as “‘no 
injury”; “slight injury,” where the cam- 
bium showed slight brown streaks; and 
“severe injury” where the cambium was 
brown for one-fourth or more of the dis- 
tance around the tree yet the tree was not 
dead. It was difficult to distinguish echemi- 
cal injury on the small roots from the 
aphid injury, therefore, unless the chemi- 
cal injury showed on the cambium of the 
main root it was not classified. 

From the experiments (Tables 1 and 2), 
it will be noted that injury occurred 
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when more than 1 gram of sodium cyanide 
was used per tree or when 1 gram was 
used in less than a quart of water. Also, 
good control was obtained with as little 
as 0.5 gram of cyanide per tree in a 
pint of water in 1940 and 1941, and that 
0.1 gram gave good control in 1940. In 
using cyanide it is believed the quantity 
of water and cyanide needed will depend 
on the moisture content of the soil and 
the degree of infestation; less water and 
cyanide being needed in moist situations 
where the infestation is light; more water 
and eyanide being needed in the dry 
situations where the infestation extends 
over all the roots. Enough water and 
cyanide should be used to carry the cya- 
nide to the lowest aphids on the roots. 
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It may also be noted that, in general, 
less injury occurred in 1940 than in 1941. 
It is believed that this is due to the heavy 
infestation of aphids which had built up 
by 1941 and which had undoubtedly 
weakened the trees. It may also be noted 
that control was better in 1940 than in 
1941. This may also be explained by the 
heavy infestation that was built up in 
1941. In 1940 the aphids were near the 
surface of the soil whereas by 1941 they 
had infested practically the entire root 
system, and many of them were 8 to 10 
inches below the surface of the soil. 

Cuemicay Insury To Trees.—The fol- 
lowing tests were made on aphid free 
apple seedlings that had been planted at 
Raleigh, N. C. The seedlings averaged ap- 


Table 1.—Summary of tests on control of the woolly apple aphid and tree tolerance to material used. 


1940 and 1941. 





NUMBER TREES 
OF Tota WITHOUT 
TREAT- No. LIVING 
MATERIAL MENTS TREES \PHIDS 
Sodium cyanide 2 10 10 
0.10 gm.-1 pt.! 10 3 
Sodium cyanide 2 10 9 
0.20 gm.-1 pt 2 20 7 
Sodium cyanide l 5 5 
0.5 gm.-1 pt. + 4) $l 
Sodium cyanide 2 10 8 
0.5 gm.-2 pts t +0) 27 
Sodium cyanide 
1.0 gm.-1 pt. 2 20 12 
Sodium cyanide 3 14 1S 
1.0 gm.-2 pts 2 20 17 
Sodium cyanide l 5 5 
2.0 gm.-1 pt. 
Sodium cyanide l 5 ) 
3.0 gm.-2 pts. 
Carbon disulphide 3 15 3 
1-160? 2 pts 5 50 $1 
Carbon disulphide 
1-800 2 pts. l 10 9 
Dichlorethy] 
ether 
1-1600 2 pts. 2 20 20 
Dichlore thyl 
ether 3 15 10 
1-800 2 pts. t 10 10 


TREES 
WITH Injury TO TREES 
LIVING ——- —— YEAR 
(PHIDS None Slight Severe TREATED 
10 1940 
7 10 1941 
1 10 1940 
13 20 1941 
5 1940 
9 10 1941 
2 10 1940 
13 10 1941 
~ 16 3 l 1941 
l 14 1940 
3 12 5 1941 
5 1940 
5 1940 
12 15 1940 
19 50 1941 
l 10 1941 
17 2 1 1941 
5 14 1 1940 
22 6 12 1941 





0.1 gram, Sodium cyanide dissolved in 1 pint of alkaline water and poure d around each tree 
? Carbon disulphide diluted 1-1600, 2 pints poured around each tree, 
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Table 2.—Injury to aphid-free apple seddlings treated with various chemicals. 








TREES SHowinc No SLIGHT SEVERE TREES 
MATERIA! TREATED INJURY INJURY INJURY KILLED 
Sodium cyanide, 0.25 gr. 1 pt.’ 24 24 
Sodium cyanide, 0.5 gr. 1 pt 24 24 
Sodium cyanide, 1 gr. 2 pts 24 2+ 
Sodium cyanide, 1 gr. 1 pt 24 24 
Sodium cyanide, 2 gr. 4 pts 24 22 l l 
Sodium cyanide, 2 gr. 2 pts 12 ) } 2 2 
Sodium cyanide, 2 gr. 1 pt 12 2 } ; 
Carbon disulphide, 1-1600 2 pts. 24 24 : 
Carbon disulphide, 1-800 2 pts 24 22 l l 
Dichlorethyl ether, 1-800 2 pts 2 19 7) 
Dichlorethyl ether, 1-400 2 pts 24 10 9 t l 
' Sodium evanide 0.25 gram dissolved in 1 pint of alkali 1 ‘ i 
Carbon disulphide diluted 1- 1600, 2 pints poured 


proximately 18 inches in height at the 
time of treatment. The type of soil was 
quite variable. The trees were treated in 
groups of 4 which were randomized in the 
block, 12 trees being treated with each 
material July 21, 1941, and 12 other trees 
being treated August 6, 1941. 

The leaves of the trees were examined 
every 2 weeks for visible signs of chemical 
injury. Half the trees treated July 21 were 
removed from the soil August 25, when 
the roots were checked for signs of chemical 
injury. The rest of the trees were removed 
and checked November 11-12, 1941." 

“Slight injury” refers to trees that had 
a small amount of injury showing in the 
cambium of the main root or where less 
than one-fourth of the leaves showed 
signs of injury. 

“Severe injury” refers to trees that had 
the cambium injured one-fourth or more 
of the way around the main root or where 
one-fourth or more of the leaves showed 
injury. 

The above table indicates that sodium 
cyanide will not injure young healthy 


* Were any of these trees checked for injury the next growing 


season? 
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apple seedlings unless more than 1 gram 1s 
used per tree. Carbon disulphide in water 
is fairly safe at the concentrations used 
but, as noted earlier in this report, it does 
not give satisfactory control. 

Young apple seedlings seem quite sus- 
ceptible to dichlorethy| ether at the con- 
centrations used. Many more of the root- 
hairs were injured in cases marked “slight 
injury” than 
disulphide or sodium evanide. 

UNsaATISPFACTORY MATERIALS 
cide 1 to 15, 2 quarts per tree 
trol ; Sealecide plus LS per cent paradi- 
chlorobenzene, 1 to 15, 2 quarts per tree 

poor control : Nealecide plus 15 per cent 
paradichlorobenzene, 1 to 7, 8 ounces per 
tree (injury); ethylene dichloride emul- 
sion, 1 per cent solution, 1 quart per tree 
injury); paradichlorobenzene (crystals 
0.0625 per tree (poor 
paradichlorobenzene crystals, 0.125 ounce 
per tree (injury); Larracide (chloropicrin), 
2 ce. between trees and about 
from each tree (severe injury); Cream of 
Agicide (rotenone bearing compound) 1 to 
200, 1 quart per tree (poor control). 


6-27-42. 


was the case with carbon 


Neale - 


poor cCon- 


ounce control ° 


5 inches 


Cirep 


rorm 

biology and control of woolly aphis, Er na lanigerum 
Indian Jour. Agr. Sei. 11(2): 265-78 

Bul. Virginia 


34/4 


590 


soil fumi- 


ra Hausmann. Reprint from February issue Virginia 




















Spreaders in Codling Moth Sprays' 


Lewis T. Granam and Cuarces H. Ricnarpson,? Iowa State College, Ames 


In 1886 Menault (1886) declared that 
the more finely divided the insecticide and 
the more uniformly it is distributed, the 
greater will be its effectiveness. The use 
of spreader-adhesives in’ codling moth 
sprays is based on this conception. 

Experiments made in lowa during 1939 
by Graham & Richardson (1940) sug 
gested that the value of spreaders in 
codling moth sprays might be questioned. 
Accordingly, this investigation was under- 
taken to determine whether spreader- 
adhesives increased the efficacy of lead 
arsenate in codling moth control under 
lowa conditions. Soybean flour, a casein 
spreader and a well-known commercial 
spreader containing sodium oleyl sulfate 
were selected for the experime nts because 
they represent types most likely to be used 
in this state. Petroleum oils were not in- 
cluded for they are themselves toxic agents 
and it was desired to determine only the 
contribution of sprealing and adhesion 
to the toxicity of the lead arsenate. 

Vermorel & Dantony 1918 were 
among the first to use casein as a spreader 
in horticultural sprays. Its use in codling 
moth sprays was reported as beneficial by 
Lovett (1918, 1920), Allman (1929, 1930, 
1931), Noble (1980) and Worthley (1934). 
On the other hand, Pettey (1922, 1924, 
1928), Newcomer (1923), Parrott (1923, 
1924), Parrott, ef al. (1923), Stearns & 
Hough (1928, 1924), Fowler (1926), 
Spuler (1929), Talbert & Swartwout 

1931), Joessel & Suau (1936), and Cut- 
right (1987) found that the omission of a 
casein spreader did not detract from the 
insecticidal value of lead arsenate for 
codling moth control. Concerning this ef- 
feet Spuler remarked, “Theoretically, the 
better the fruit is covered with a poison 
the better it should be protected against 
worm attack, but this has not been borne 
out in general field practice.” 

In laboratory studies Newcomer (1926 
obtained results which indicated a favor 
able effect of casein spreader on lead 
arsenate sprays, while MeAllister & Van 


Leeuwen (1930) obtained more worm 


entrances when spreaders were used. In 
1922, Melander (1922) reported that the 
omission of a spreader did not detract 
from the insecticidal value of lead arsenate 
for codling moth control, but his experi- 
ments of 1923 indicated slightly better 
control from the addition of a spreader. 
From his early work Smith (1922, 1923) 
reported that the addition of caseinate 
spreaders added materially to the effee- 
tiveness of lead arsenate sprays for con- 
trolling the codling moth. After further 
investigation Smith (1926) concluded that 
when lead arsenate was used at the rate 
of 4 pounds or less per 100 gallons, the 
spreader did not increase the efficiency. 
In 1926, Newton (1926) obtained no 
special benefits from this spreader, but in 
1935 he supported the hypothesis that the 
film type of coverage is more effective 
than a spot type and pointed out that 
calcium caseinate is effective in forming a 
film coverage. Goodwin & Martin (1925) 
felt that the term “‘lime-casein” was more 
appropriate than “calcium caseinate”’ 
when referring to this type of spreader, 
because the commercial product invari- 
ably contains an excess of lime. The 
quantity of lead arsenate which adheres 
to the leaf surface was observed by Robin- 
son (1925) to be nearly the same in the 
presence or the absence of a spreader. 
Marked increases in the effectiveness of 
lead arsenate in codling moth control were 
secured by Cutright (1937) from the use 
of a sodium oleyl sulfate type spreader 
and of soybean flour. More satisfactory 
results were obtained by Harman (1937) 
with soybean flour than with any other 
spreader-sticker tested, and Farrar & 
Klint (1938) reported an increase in effi- 
ciency of lead arsenate sprays by the ad- 
dition of soybean flour. Better control was 
also obtained by Lamerson & Parker 
1939) through the use of soybean flour. 
In a study of spray materials Worthley 
& Steiner (1939) obtained better results 
with soybean flour than with casein 
spreaders, but they doubted if either ma- 
terial was of value in codling moth control. 
Marteriats.—-The lead arsenate was a 
commercial product containing 98 per cent 
of PbILAsO,, arsenic expressed as As,Os, 
30 per cent, and not more than 0.5 per 
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Table 1.—Percentage of fruit damaged by the 
codling moth for each treatment. 





Percentace or DamMacep 
Freit On 
[REATMENT June 26' July 232 October 8* 


Delicious Section 


Lead Arsenate 36.0 $1.5 89.8 
Lead Arsenate +Soybean Flour 28.5 40.5 91.1 
Lead Arsenate + Lime-Casein 36.9 $2.9 93.7 
Lead Arsenate +Proprietary 

Spreader-Sticker 4.9 9.2 92.5 

Jonathan Section 

Lead Arsenate 69.7 73.7 98.9 
Lead Arsenate +Soybean Flour 63.9 75.6 98.1 
Lead Arsenate + Lime-Casein 59.9 79.1 97.8 
Lead Arsenate + Proprietary 

Spreader-sticker 55.1 75.6 95.5 





' Each number in this column is derived from 36 samples of 
150 apples each. 

2 Each number in this column is derived from 36 samples of 
100 apples each. 

* Each number in this « 
50 apples each. 


olumn is derived from 36 samples of 


cent arsenic in water soluble form ex- 
pressed as metallic arsenic. The metallic 
arsenic equivalent was 19.5 per cent and 
lead 58 per cent. There was 97 per cent 
available calcium hydroxide in the lime. 
The soybean flour and the lime-casein 
were commercial materials that were pre- 
pared for use in sprays. The proprietary 
spreader-sticker consisted of sodium oley! 
sulfate and a synthetic resinous sticker. 
EXPERIMENTAL Desicn.—The 1940 ex- 
periments were conducted in a commercial 
apple orchard near Mitchellville, Iowa. 
The test areas were divided into two sec- 
tions. One section was uniform consisting 
entirely of 24-year old trees of the De- 
licious variety. The other section con- 
tained a heterogeneous group of trees con- 
sisting largely of those of Jonathans of 
varying ages and sizes. Since there was a 
light crop in the orchard, a higher per- 
centage of damaged fruit was noticed. 
Starting with the calyx spray 4 treat- 
ments were applied to the experimental 
blocks: (1) lead arsenate 3 pounds, hy- 
drated lime 3 pounds, water 100 gallons; 
(2) lead arsenate 3 pounds, hydrated lime 
3 pounds, soybean flour 4 ounces, water 
100 gallons; (3) lead arsenate 3 pounds, 
hydrated lime 3 pounds, lime-casein 8 
ounces, water 100 gallons; (4) lead arse- 
nate 3 pounds, hydrated lime 3 pounds, 
commercial spreader-sticker 2 fluid 


ounces, water 100 gallons. Fungicides were 
used in all treatments and consisted of 
dilute lime-sulfur in cool weather and 
dilute bordeaux mixture in hot weather. 
Each plot received 8 cover sprays, which 
were timed by the use of bait traps. 

The experimental design for each sec- 
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tion consisted of 4 randomized blocks with 
+ single row plots in each block. The posi- 
tions of the plots within the blocks were 
left to chance. In each plot 9 count trees 
were selected at random. Apples on the 
count trees were examined for codling 
moth injury 3 times during the season. 
The first count was made on June 26, the 
second on July 23, and the third on 
October 8. For the first count 150 apples 
were examined without removing them 
from the trees; for the second count 100 
apples were examined in the same way, 
and for the third count 50 apples were re- 
moved and examined. The light crop at 
the start of the season and subsequent 
dropping of apples made the use of small 
sample sizes desirable. The criterion of 
effect used was the number of apples in 
each sample damaged by thecodling moth. 
In addition to the examination for 
damaged fruit on October 8, 25 apples 
from each of 4 count trees in each plot of 
the section containing the Delicious 
variety were also examined for the number 
of wormy fruit, stung fruit with no worms, 
worms, stings, and blemishes. 
Resutts.—The results converted to a 
percentage basis and the basis of injury to 
100 apples are listed in tables 1 and 2. The 
analyses of the results, however, were 
made on the actual count data; the con- 
versions in tables 1 and 2 are for conveni- 
ence and uniformity. The statistical 
analyses of these data are given in tables 
3 and 4. No significant difference could be 
found among the treatments. In table 2 it 
seemed that the proprietary spreader- 
sticker might materially improve codling 
moth sprays on the basis of percentage of 
wormy fruit and number of worms per 100 
apples, but when these data were com- 


Table 2.—Results of damage by the codling 
moth using several criteria of effect. Data were 
taken on October 8 just prior to harvesting. Each 
figure in this table is derived from 16 samples of 
25 apples each. 





PERCENTAGE OF 


Stung Per 100 AprpLes 


Fruit - 

Wormy With No Blem- 

PREATMENTS Fruit Worms Worms Stings  ishes 

Lead Arsenate 31.8 55.8 72.8 344.8 415.0 
Lead Arsenate + 

Soybean Flour 33.2 55.8 73.8 382.2 456.0 
Lead Arsenate + 

Lime-Casein 28.2 61.2 56.2 305.2 361.5 
Lead Arsenate + 

Proprietary 
Spreader-sticker 20.5 64.5 39.8 348.5 388.2 
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Table 3.—Analysis of variance of damaged fruit. 








DEGREES DeLicious SECTION JONATHAN SECTION 
OF : a - — 
SOURCE OF VARIANCE FREEDOM Mean Square fF Mean Square fF! 
June 26 
‘Treatment 3 10 ,573.7 27, 722.8 1.25 
Block 3 36 , 962.2 2.13 85,928 .6 3.88 
Experimental Error 9 17 353.8 22,124.1 
July 23 
Treatment 3 797 .7 1,684.9 — 
Block } 11,318.7 $.75 5, 828.0 2.32 
Experimental Error 9 2,380.9 2,517.1 
October 8 
Treatment 3 236.2 - 175.8 2.31 
Block } 2, 062.9 5.75 531.4 6.97 
Experimental Error 9 $58.6 76.2 
Mean Square (treatment or block 
I When degrees of freedom are 3 and 9 respectively, the value of F at P =0.05 is 3.86; at 
Exp. Error Mean Square 
P=0.01 6.99 


pared with those of the check (Table 4 mixture is not always correlated with im- 
no significant difference was detected. proved insecticidal effect. The so-called 
Discussion.—The results of this ex- “improved” sprays should be compared 
periment indicate that the efficacy of lead with regular mixtures on the basis of ac- 
arsenate as an insecticide for the codling tual codling moth control. This has not 
moth under Lowa conditions was not im- always been done in the analysis of the 
proved by the addition of soybean flour, results of experiments with spreaders and 
lime-casein, or a spreader-sticker of the adhesives. 
sodium oleyl sulfate-resin type. For soy- SummMary.— Under Iowa conditions the 
bean flour and lime-casein the results are — effectiveness of codling moth sprays is not 
rather conclusive. Some advantage in the improved by the addition of soybean flour 
use of the sodium oleyl sulfate-resin or lime-casein spreaders. No advantage 
spreader-sticker might be shown by was detected from the use of a sodium 
more extensive studies. oleyl sulfate-resin spreader-sticker, al- 
The results of this investigation indi- though the data suggest that some benefit 
cate that better codling moth control does might be gained from it. Modification of 
not necessarily accompany more uniform — the physical properties of a lead arsenate 
distributions of spray materials. Improve- spray may not be reflected in improved 
ment of the physical properties of a spray codling moth control.—6-22-42. 


Table 4.—Analyses of variance of several criteria of effect. 





Wormy STUNG 





Frut Fruit Worms STINGS BLEMISHES 
Decrees — — - — — 
OF Mean Mean Mean Mean Mean 
Source or Vaniance Freepom Square I Square i Square F Square F! Square F 
lreatment } 129.6 1.70 74.7 2.37 957.7 1.55 3,973.1 1.03 6,498.2 1.05 
Proprietary Spreader 
Sticker vs. Check l 63.3 $65.1 - 
Block 81.4 1.07 17.2 10.07 492.0 17,816.1 4.64 14,226.4 2.31 
! xperimental I rror 9 76.1 1.5 619.7 3,839.6 6,171.4 
Mean Square (treatment or bloch 
I W he legrees of freedom are 3 and 9 respectively the value of F at P =0.05 is 3.86; at 


Exp. Error Mean Square 


r o.O] it is 600 
Ihe mixture containing the proprietary spreader-sticker is compared directly with the mixture containing no spreader sticker, 
proj I 


When degrees of freedom are 1 and 9 respect the value of F at P =0.05 is 5.12. 
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Toxicity of Nicotine Compounds to Newly Hatched 


Codling Moth Larvae 


Roy Hansserry, Cornell University, Ithaca, New York 


Research on non-poisonous sprays for 
fruit tree insects at Cornell University has 
heen specialized to study the relation of 
the physical and chemical properties of 
nicotine compounds to their toxicity as 
stomach and contact insecticides. In 
previous research (Hansberry ef al., 1940) 
the toxicity of nicotine compounds when 
administered internally was found to de- 
pend on the content of alkaloid nicotine, 
being independent of the physical and 
chemical properties of the material in- 
jected or fed. It was then shown (Tlans- 
berry & Norton, 1941) that when a similar 
series of compounds was tested as a con- 
tact insecticide against Aphis rumicis L.. 
the toxicity was not only dependent on the 
nicotine content but also on the solubility 
and other physical factors. As a result of 
these experiments, the hypothesis was set 
up that when nicotine compounds were to 
be employed as stomach poisons the most 
stable and insoluble compounds of high 
nicotine content were most desirable for 
toxicity, resistance to weathering and 
lack of visible residue. The experiments 
here reported were designed to test this 
hypothesis and to indicate the method by 
which nicotine compounds kill newly 
hatched codling moth larvae. 

Metrnuop.— During 1989 and 1940 lar- 
vae were used from eggs laid by moths 
emerging from hibernating larvae col- 
lected in Niagara County, New York. The 
following two years it was possible to ob- 
tain hibernating larvae collected at Or- 
leans, Indiana and these were used in all 
tests. The technique used was substan- 
tially as reported by Smith (1926). Apples 
sprayed with reproducible deposits in a 
precision sprayer were hung by wire clips 
to dry, and 10 eggs in the blackhead stage 
were pinned to each sprayed fruit. Eggs 
were obtained on waxed paper from which 
they were removed daily when they had 
reached the blackhead At 80° F. 
the blackhead stage was always reached 
in 4 days. 

In a part of 
“weathered” in a 
nozzle with a gravity feed. Three 10- 
minute showers were used over a 24-hour 


stage. 


the tests apples were 


coarse spray from a 


period, the fruit being dried after spraying 
and after each shower. The total rainfall 
as measured in a standard rain gauge 
amounted to 1.0 inches, being applied in 
three 0.33 inch treatments. 

Initial tests made during 1939 and 1940 
gave about 22 per cent entries in fruit 
sprayed with standard lead arsenate. In 
1941 and 1942, 40 per cent of the larvae 
entered fruit sprayed with the same ma- 
terial. This may have been due either to 
the use of Indiana larvae instead of New 
York larvae, or to the fact that during the 
latter 2 years the apples were hung in a 
room with a constant temperature of 
80° F. and 70 per cent relative humidity. 
Previously, the sprayed fruit was hung in 
a shaded section of the greenhouse. Under 
the constant conditions the larvae enter 
the fruit in a minimum time and reach the 
second or occasionally the third instar in 
the 7-day observation period of the test. 

Because of these differences, data ob- 
tained during 1939 and 1940 were dis- 
carded and the tests repeated during the 
seasons of 1941 and 1942. The data during 
the two earlier years were all propor- 
tional to the more recent data, but in 
many cases the per cent entries were too 
low to enable clear-cut comparisons to be 
made. Several new compounds were avail- 
able for the more recent tests that were 
not previously used. 

MATeERIALS.—Since many of the com- 
pounds were described in the two previ- 
ously cited papers, only those materials 
not used in the studies on contact effect 
and internal dosage will be fully described. 

Nicotine sulfate, 40 per cent nicotine. 
Black Leaf 40, manufactured by the To- 
bacco By-Products and Chemical Corpo- 
ration, Louisville, Kentucky. 

Nicotine bentonite, 14 per cent nicotine. 
Black Leaf 155 concentrate, manufactured 
by the Tobacco By-Products and Chemi- 
cal Corporation, Louisville, Kentucky. 

Nicotine bentonite, 14 per cent nicotine. 
Black Leaf 155 concentrate, micronized, 
manufactured by the Tobacco By-Prod- 
ucts and Chemical Corporation, Louisville, 
Kentucky. 


Nicotine pectate, 37.5 per cent nicotine. 
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Although the anhydrous compound would 
contain this amount of nicotine, it is more 
easily prepared by adding the alkaloid 
nicotine to a water suspension of pectic 
acid in such proportion that the solution 
contains not over 15 per cent alkaloid. 
The pectic acid was supplied by the Cali- 
fornia Fruit Growers Exchange, Ontario, 
California. 

Nicotine tetrahydroanacardate, 31.75 per 
cent nicotine. Prepared by the Central 
Laboratories, General Foods Corporation, 
Hoboken, New Jersey. A water-soluble 
compound prepared from nicotine alka- 
loid and anacardic acid extracted from 
cashew nut hulls and hydrogenated. 

Nicotine copper picrate, 25 per cent nico- 
tine, nicotine copper benzoate, 37 per cent 
nicotine, nicotine copper salicylate, 35 per 
cent nicotine, nicotine copper thiocyanate, 
48 per cent nicotine, nicotine copper cya- 
nide, 38.6 per cent nicotine, nicotine copper 
ferrocyanide, 28 per cent nicotine, nicotine 
copper o-benzoyl benzoate, 25 per cent nico- 
tine, nicotine zine o-benzoyl benzoate, 25 
per cent nicotine, nicotine cadmium 
o-benzoyl benzoate, 25 per cent nicotine, 
nicotine nickel o-benzoyl benzoate, 25 per 
cent nicotine and nicotine cobalt o-benzoyl 
benzoate, 25 per cent nicotine, were pre- 
pared by C. R. Smith of the Eastern 
Regional Research Laboratory of the 
United States Department of Agriculture. 
Their preparation has been previously de- 
scribed in detail (Smith, 1942). These used 
were selected from the larger group as 
representative and for the purpose of as- 
certaining the effect of different organic 
acids and metals on the toxicity of this 
type of compound. Of this group of double 
salts, only the cuprocyanide and copper 
ferrocyanide seemed completely insoluble, 
all other compounds of this group going 
more or less into solution at the concen- 
trations used in spraying and giving a 
strong nicotine odor during spraying. 

Because these nicotine compounds con- 
tained various amounts of nicotine, their 
concentrations used in spraying varied. 
The standard strength used contained 
0.05 per cent alkaloid, approximately 
equivalent to 1 pint of 40 per cent nicotine 
sulfate per 100 gallons. In order to increase 
the per cent of entries and make compari- 
sons more valid, the double salts supplied 
by the Eastern Regional Research Labo- 
ratory were used at one half standard 
strength or .025 per cent alkaloid. No 
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supplements were used in any sprays. 

Table 1 gives a summary of the data 
obtained in 1941 and 1942. 

Discussion.—In these tests, small in- 
dividual differences are generally not sig- 
nificant. Interest has centered on the 
groups of compounds and the relations 
between kills on weathered and non- 
weathered fruit. Where differences be- 
tween groups exist, either in initial toxicity, 
or toxicity after weathering, these dif- 
ferences are informative. 

The first group in the table composed of 
nicotine alkaloid and nicotine sulfate 
represents a volatile and non-volatile sol- 
uble compound for comparison with the 
fixed nicotines. It is apparent that with- 
out the presence of supplements nicotine 
alkaloid is lost by volatility during the 
drying of the spray residue so that no 
effectively toxic residue remains. After 
weathering, most soluble compounds are 
washed from the fruit so that their effee- 
tiveness is also lost. 

The second group consists of soluble 
compounds of nicotine with fatty acids. 
This group was shown to include the most 
effective contact insecticides among nico- 
tine compounds (Hansberry & Norton 
1941). Because of the fact that the acids 
are weak acids, they leave less nicotine 
after drying than the sulfate, conse- 
quently giving lower kills of the newly 
hatched larvae. 

In the third group are semi-fixed nico- 
tine compounds. These probably form 
colloidal suspensions of low surface ten- 
sion, but here too the nicotine residues 
remaining after drying are insufficient to 
give effective control of newly hatched 
larvae. 

The remaining groups are fixed nicotine 
compounds. Although they vary in physi- 
cal properties and degree of solubility, all 
of them are more toxic to the larvae than 
the soluble compounds. This seems ade- 
quate proof that nicotine compounds kill 
newly hatched codling moth larvae pri- 
marily by stomach poison action, since 
the most toxic compounds have been 
shown to have negligible toxicity as con- 
tact insecticides to Aphis rumicis (Hans- 
berry & Norton 1941). 

It should be remembered that although 
the conclusions reached in this paper re- 
garding the toxicity of completely fixed, 
insoluble compounds are probably valid 
for newly hatched larvae, they do not tell 
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Table 1.—Toxicity of some nicotine compounds to newly hatched codling moth larvae. 





Per CEN1 


Per Cent NoON-WEATHERED Tests WEATHERED Tests 
ALKALOID ALKALOID : . waitiieupee 

IN IN No. of Per cent No. of Per cent 

NicoTINE COMPOUND ComMPOUND SPRAY eggs entries eggs entries 
Alkaloid 100 0.05 104 3 101 59 
Sulfate 1) 0.05 100 7 109 46 
Laurate $4.7 0.05 109 51 112 68 
Oleate 36.5 0.05 194 48 215 53 
Stearate 36.5 0.05 109 55 114 54 
Naphthenate 36.1 0.05 112 45 109 43 
Caseinate 20.6 0.05 101 48 108 69 
Aresket 21.5 0.05 108 42 108 60 
Pectate 37.5 0.05 115 SS 109 59 
Tetrahydroanacardate $1.8 0.05 169 338 114 53 
Silicotungstate 10.1 0.05 103 12 112 49 
Peat 10.0 0.05 111 19 110 56 
Resorcinol-formaldehyde 21.5 0.05 208 26 217 $5 
Reineckate SILLS 0.05 9S 5 110 54 
Black Leaf 155 5.4 0.05 106 17 108 37 
Black Leaf 155 concentrate 14.0 0.05 101 10 109 36 
Black Leaf 155 cone. micronized = 14.0 0.05 114 8 115 35 
Cuprocyanide! 4.2 0.028 215 8 277 36 
Cuprocyanide 16.0 0.013 114 36 108 52 
Cuprocyanide 24.6 0.020 118 10 118 40 
Cuprocyanide* 38.7 0.025 114 4 116 8 
Copper picrate 24.5 0.025 113 18 118 60 
Copper benzoate 37.0 0.025 115 16 116 37 
(Copper salicy late 35.0 0.025 112 338 118 56 
Copper thiocyanate 18.0 0.025 104 11 114 $2 
Copper ferrocyanide 28.0 0.025 109 7 115 40) 
( opper o be nzoyl benzoate 25.0 0.025 112 28 118 50 
Zine o henzoy] benzoate 25.0 0.025 115 28 112 73 
Cobalt o-be nzoyl benzoate 25.0 0.025 106 97 118 68 
Cadmium o-benzov! benzoate 25.0 0.025 112 $1 114 60 
Nickel o benzoy! benzoate 5.0 0.025 109 97 115 66 
Lead arsenate sibs. /100 gals, 285 40 218 44 

Unsprayed $72 77 





content 
il Co., Inc 


in nicotine 
ind Chemi 


‘ TI examples differ not only 
were furnished by the Niagara Sprayer 
Departme of Agriculture 


om 


nt 


the whole story under field conditions 
where some contact action against adult 
moths, larvae that have already entered 
the fruit, and unhatched eggs may play 
an important part in codling moth control. 

Considerable variation 1s observed in 
the weathering qualities of the insoluble 
nicotine compounds. The physical nature 
of the materials furnishes the probable 
explanation. All those which lost most 
toxicity by weathering (nicotine silico- 
tungstate, nicotine copper ferrocyanide, 
nicotine Reineckate) were crystalline ma- 
terials with little adhesive quality. Those 
which resisted weathering most were com- 
pounds like nicotine cuprocyanide and 


but in resistance to weathering, as is reflected in their toxicity. They 


und the Eastern Regional Research Laboratory of the United States 


nicotine resorcinol-formaldehyde, which 
were fine powders, wet by water only with 
difficulty, but forming an adhesive water- 
repellent deposit after drying. It is pos- 
sible that some of the materials with high 
initial toxicity, which have poor weather- 
ing qualities, could be improved by fine 
grinding or precipitation under carefully 
controlled conditions. 

As a general rule soluble nicotine com- 
pounds lost proportionally less by weather- 
ing than the fixed nicotines, but this was 
presumably because their toxicity was so 
low initially that any further reduction 
approached the practical limit of 76 per 
cent entries in unsprayed fruit. 
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The best compound, nicotine cupro- 
cyanide, is being studied as a practical 
spray for codling moth control. It has 
several advantages. The high nicotine con- 
tent would make it possible to use one 
pound or less per 100 gallons, which leaves 
almost no visible residue. While the copper 
content is below that normally expected 
to be required to give fungicidal protec- 
tion, it would contribute toward that end. 
There is every indication that it will be 
possible to produce still better compounds 
than those used in these experiments, ap- 
proaching theoretical purity.' Field tests of 
the material were conducted in the Hud- 
son River Valley and in western New 
York during the season of 1942. 

Summary.—-Tests of 31 compounds of 
nicotine against newly hatched codling 
moth were made, both with fresh and 
weathered deposits. Water-soluble com- 
pounds, with the exception of nicotine 
sulfate gave poor kills of larvae both be- 


A paper read by C. R. Smith at the meetings of the Eastern 


Branch, American Association of Economic Entomologists, on 
November 20, 1942, described the chemical nature and produc 
tion of such a compound 
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fore and after weathering. Most insoluble 
compounds gave high kills with fresh de 
posits, but the coarser crystalline ma 
terials lost much of their effectiveness 
during weathering. Fine powders which 
were water resistant lost comparatively 
less toxicity during weathering. Since 
these materials were used without supple- 
ments, many of them may be improved 
by fine grinding, controlled precipitation, 
or the use of supplements. 

Fixed nicotines were always more toxic 
than soluble materials, indicating that 
nicotine compounds kill newly hatched 
larvae primarily by stomach poison ac 
tion, since it has been shown previously 
that fixed compounds are not toxic as con- 
tact agents. 

The best material, nicotine cuprocya 
nide, permitted only 8 per cent entries in 
fruit sprayed with 0.5 lb. to 100 gallons 
and artificially weathered with 1 inch of 
rain compared to 44 per cent entries in 
fruit sprayed with 3 Ibs. lead arsenate per 
100 gallons and weathered under the same 
conditions. 7-8-42. 
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Pest Controu Operators Con- 
FERENCE AT PURDUE 


The seventh annual pest Control Operators Con 
ference at Purdue University is scheduled for the 
period January 4 to 8, 1943. An extremely attractive 
program, mainly conferences and symposium meet 
ings dealing with timely problems, largely centering 
around war problems and the difficulties arising 
from the emergency, has been arranged and would 
be well worth the time of any entomologist who can 
arrange to attend. 

(As usual, these conferences are held under the 
general direction of Professor J. J. Davis and his 
staff but many visiting speakers will contribute to 
the program. 
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Fumigation of Small Land Areas for Control of 
White-Fringed Beetles 


BE. M. Livincsrone and G. R. Swank, . S. Department of Agriculture, Bureau of Entomology and 
Plant Quarantine' 


The fumigation of land areas is usually 
a tedious and expensive method of de- 
stroving the edaphic stages of insects. It 
is seldom economically practical except 
when the insect is a great damage pro- 
ducer or the crops grown have exceed- 
ingly high monetary values. These condi- 
tions may occur when the larger and 
smaller white-fringed beetles, Pantomorus 
le ucoloma Boh. and P. pere qgrinus Buch., 
are found in nurseries in_ heeling-in 
grounds, plunging beds, hot beds, and 
other similar locations. The purpose of the 
experimental work reported in this paper 
was to determine whether methyl bromide 
and carbon disulfide might be separately 
used to rid such places of infestation so 
that soil taken from them on plants would 
he eligible for movement under Federal 
and State quarantine regulations to 
places where the insects are unknown. The 
experimental work was carried out inter- 
mittently in the vicinities of Monroeville, 
\la., and Gulfport, Miss., during the 
period 1959 to 1941. 

Merruop anp Procepurr.—The meth- 
ods of applying the fumigants were as 
follows: Liquid methyl bromide from a 
metal cylinder was injected with an im 
prov ised needle (Fig. 1) 6 to 9 inches into 





ki | End of injector, showing methvl bromide 


liquid issuing from perforated needle 


the soil under 70 to 80 pounds’ pressure 
created jointly by vapor of the methyl 
bromide and compressed air. One injection 
was made per 1.5 square feet. Liquid 
carbon disulfide was poured by means of 
a small dipper into conical holes in the soil 
about 6 inches deep and 1 inch in diameter 
at the top. The holes were covered with 


a handful of soil immediately after the 
liquid was put in. One hole was made per 
square foot. Following application of the 
fumigants, the surface of the treated 
areas was covered with builders’ water- 
proof felt paper. Experiments not reported 
in this paper indicated that covering the 





Fic. 2.—View of rectangular hole prepared for re- 
ceiving caged insects in the tunnels in the sides. 


plots increased the efficiency of the fumi- 
gants. 

In land areas having naturally high in- 
festations the fumigant was applied with- 
out any previous preparation of the soil, 
and after a predetermined period the land 
was spaded up and the insects were re- 
moved. Because natural infestations did 
not yield numbers of insects commensu- 
rate with the expense involved, artificial 
infestations were employed in most of the 
experiments. In making artificial infesta- 
tions a means of placing test lots of insects 
at various depths was adopted in which 
the dirt between the insects and the soil 
surface was undisturbed.? This was done 
by digging a rectangular hole (Fig. 2) 
about 3 feet deep, boring horizontal tun- 
nels 1.5 inches in diameter and 30 inches 
long into its vertical sides at depths of 6, 


Che method was suggested and demonstrated by Walter E. 
Fleming in 1938 
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Fic. 3.—Larvae after fumigation were placed on 
moist sand in small pots for observations on the 
effect of the fumigants. 


12, 18, and 24 inches below the soil sur- 
face, and inserting in the tunnels insects 
confined in soil in cages. The cages were 
cylindrical, about 6 inches long and 1 inch 
in diameter and were made of wire netting 
One cage was placed in each tunnel. The 
tunnels were then rammed full of earth 
and the rectangular hole refilled. The un- 
disturbed soil around this filled hole was 
then fumigated. Test lots of insects were 
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also placed on or just beneath the soil 
surface. At the expiration of predeter- 
mined periods following treatment the in- 
sects were dug up and held on moist sand 
(Fig. 3) for observations on mortality. 

All stages of the beetles were used in the 
tests. The eggs ranged from newly laid to 
mature. The larvae were mostly full- 
grown, unfeeding individuals. The pupae 
ranged from the newly formed to those in 
the browned state of development. Adults 
ranged from those in a callow condition 
that were taken from the pupal cells in the 
soil to old, nearly spent individuals. 

Control tests carried out intermittently 
during the period the fumigants were 
under investigation showed that the 
method and procedure employed were 
satisfactory. 

Temperatures were recorded just below 
the surface of the ground by maximum- 
minimum thermometers, because at this 
point there was considerable variation due 
to daily fluctuations. In addition, readings 
were made 6 inches below the soil surface 
and at the lowest depth of insects in the 
soil, this last depth with artificial infesta- 
tions being 24 inches and with natural 
infestations usually 6 to 18 inches. 

In experiments with the larger white- 


Table 1.—Results of fumigation of small land areas with methyl bromide at a constant dosage of 4.7 
cc. per square foot for control of white-fringed beetles. (Pupae and adults were all killed in all tests.) 





AREA OF Deptu Soi. 
Piors,! IN Tem- 
SQ SoIL, PERATURE, 
EXPOSURE YARDS INCHES F. 
$8 to 90 151.6 Top 65-89 
hours 6 61-87 
12 
18 
24 64 82 
90 to 96 56.1 Top 19-55 
hours 6 54-57 
12 
18 
24 57-62 
108 to 120 52.7 Top 72-73 
hours 6 70-75 
12 
18 
24 67-74 
5 to 6 74.8 Top 45-54 
days 6 16-57 
12 
1S 
24 17-56 


EaceGs LARVAE 
Total Per Cent Total Per Cent 
Number Killed Number Killed 
5,372 100 729 100 
6,316 100 983 100 
5,564 100 952 100 
5,673 100 O44 100 
6,019 100 OOF 100 
182 100 349 100 
99 100 70 99.5 
107 100 159 93.0 
128 100 467 91.5 
188 SOLS $6] 73.7 
212 100 lol loo 
168 100 199 100 
$55 100 178 . 100 
334 100 183 100 
239 100 159 100 
S92 Oo 
608 100 
607 100 
602 100 
6ll 100 





Individual plots ranged in size from 18.7 to 34 square yards 
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Table 2.—Results of fumigation of small land areas with carbon disulfide at a constant dosage of 33 
cc. per square foot for control of white-fringed beetles. (Pupae and adults were all killed in all tests.) 





AREA 


Eacs 





Deptu Soi. LARVAE 
o¥r Priots,! IN Tem- - ———— poasiniaieavetheniemmninniniaaiatinapitii 
SQUARE Sol, PERATURE, Total Per Cent Total Per Cent 
EXPOSURE YARDS INCHES . Number Killed Number Killed 
72 to 96 54.3 Top 84-86 819 100 281 100 
hours 6 80-87 675 100 392 100 
12 806 100 461 100 
18 943 100 $50 100 
24 83-84 671 100 325 100 
3 to 7 days* 12.9 84-86 240 100 
60 to 90 105.4 Top 71-77 1,310 97.2 226 100 
hours 6 70-75 1,147 99.9 414 100 
12 1,351 99.7 377 100 
18 1,353 96.9 $15 100 
24 67-74 1,056 93.9 413 100 
66 to 90 37.4 Top 63-66 536 93.4 209 100 
hours 6 62-70 408 100 272 100 
12 656 100 288 100 
18 432 97.0 303 99.7 
24 62-70 372 87.2 286 93.7 
tto 8} 93.5 Top 50-55 190 100 480 98.7 
days 6 50-56 39 100 713 100 
12 87 100 712 100 
18 42 100 713 100 
24 50-58 66 100 710 97 .6 
tdays 18.7 Top +9 147 100 
6 208 100 
12 206 100 
18 204 87.7 
24 194 35.6 
Individual plots ranged in size from 1.4 to 34 square yards 
Natural infestations; depths not determined 
fringed beetle the soil used was a heavy Resutts.—The data obtained with 


red clay underlaid by a subsoil of compact 
red clay, such conditions being typical of 
the hilly region of Alabama. In experi- 
ments with the smaller white-fringed 
beetle the soil was Norfolk loamy fine 
sand, which typifies that of the southern 
coastal plain of Mississippi. 

Preliminary experiments with varrious 
dosages of methyl bromide had indicated 
that a quantity less than 4.7 cc. per square 
foot of land area was impractical to apply. 
Similar preliminary experiments with car- 
hon disulfide had shown that dosages ap- 
preciably less than 33 ec. per square foot 
were not enough to produce mortality of 
the insects under naturally variable field 
conditions. In the present studies 4.7 ce. 
and 33 ec. of the respective fumigants were 
tested in an effort to determine the range 
and variability of conditions over which 
they were effective in destroying infesta- 
tions. 


methyl bromide are given in table 1. The 
results are discussed from the standpoint 
of the larva, since previous experimental 
work has shown the larva to be more re- 
sistant than the other stages. At exposures 
of 48 to 90 hours and temperatures of 61° 
to 89° all larvae were killed. At exposures 
of 90 to 96 hours and temperatures of 49 
to 62° good kills, although not complete, 
were obtained. At exposures of 108 to 120 
hours and temperatures of 67 to 75° com- 
plete kills were obtained. At exposures of 
5 to 6 days and temperatures of 45 to 57° 
all larvae were killed. 

From these data it may be safely an- 
ticipated that complete mortality of the 
insects will result in field work with an 
exposure of 90 hours when the tempera- 
ture is between 62 and 89° F. and with an 
exposure of 6 days when the temperature 
is between 45 and 62°. 

The data from the experiments with 
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carbon disulfide are given in table 2. In 
previous tests the egg has been found to 
be the stage most resistant to carbon di- 
sulfide. Eggs in nature are usually found 
on or very near the surface of the ground. 
Many tests were carried out in which no 
eggs were used. Although these tests have 
little decisive bearing on the attainment 
of the objective of the work, they are in 
cluded here fore possible comparison W ith 
those on similar stages with methyl] 
bromide. 

At exposures of 3 to 4 days and tem 
peratures of 80 to 87° F. all eggs were 
killed. At exposures of 60 to 90 hours and 
temperatures of 67 to 77° a high, but not 
complete, mortality of eggs was obtained. 
At exposures of 66 to 90 hours and tem 
peratures of 62 to 70° the kills were in 
complete. 

Tests at exposures of 4 to 8.75 day s and 
temperatures of 50 to 58° F. affected a 
relatively small number of eggs, 
were all killed, and a much larger number 
of larvae, some of which survived. Sines 
the eg 
the apparent reversal here must be due 
to the small number of eggs. At an ex 
posure of 4 days and a temperature of 49 
no eggs were available, but the kill of 


which 


g is more resistant than the larva, 


larvae was not complete. 
The data with carbon disulfide indicate 


Ke ONOMIEC 
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temperature ranges from 80 to 87°. At 
lower temperatures and within the range 
of exposures used, the fumigant apparently 
is not suitable if total extermination ts de- 
sired, 

SumMary.— Preliminary 
had indicated that methyl bromide and 
carbon disulfide might be used separately 
as fumigants to rid such small land areas 


experiments 


as plunging beds, heeling-in grounds, and 
hot beds, of the larger and smaller white- 


fringed beetles, Pantomorus le neolon a 
Boh. and P. pe regrinus Buch. These pre 
liminary experiments had shown that 


practicable dosages were 4.7 cc. of methyl 
bromide and 33 ce. of carbon disulfide per 
square foot of land area. This paper gives 
the results of experiments carried out with 
these dosages at various exposures and 
under naturally fluctuating temperatures 
The data indicate that 4.7 ec. of methyl 
bromide would give complete mortality of 


all stages of the insects at an exposure of 
$3.75 days when the soil temperature ts 


hetween 62 and 89° F. 
of 6 days when the temperature 
5 and 62°. The data on carbon disulfide 
indicated that complete mortality may be 
expected with a 3- to 4-day exposure if the 
from 80 to 87° F. 


and at an exposure 


is between 


temperature 
At lower temperatures, 
posures tested consistently killed 


ranyees 
rao of thre ey 


all the 


that complete mortality may be expected — insects. 8-24-42. 
with a 3- to 4-day exposure when the 
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Insect Survival in Drying Grain’ 


M.D 

The recent development of extensive 
equipment for drying hybrid seed corn has 
focused attention on the possible use of 
this and similar equipment for controlling 
It that the 
drying process might serve the double 


insects. has been suggested 
purpose of removing excess moisture and 
destroying insects breeding in the grain. 

In processing hybrid seed corn it ts 
necessary to preserve the seed germ. The 
practical limits to which drying may be 
earried can be determined only through 
precise experiments. Temperature, hu- 
midity and air velocity are important in 
determining the rate at which moisture ts 
removed from solid material. These 
factors as well as the actual temperature 
of the material during the process of dry 
important part 


ing play an in Insect 
mortality 

Drying experiments were planned to 
include a series of time, temperature and 
humidity relations which would kill all 
insects. These factors were adjusted dur 
ing the experiments to include the upper 
limits beyond which the different grain 
\t the lower 


survived all 


insects could not survive. 
temperatures 
experimental conditions. 


The precision laboratory drier used in 


SOTLC s} ecices 


these studies exposed all of the material 
to the flow of air so that a minimum of 
heat was transferred hy conduction to the 
grain and to the insects. Practically all of 
the heat required to raise the temperature 
of the material and evaporate moisture 
the relatively 
therefore 


was transferred by slow 
process of rapid 
heating of the grain could not take place. 
The free movement of air pre vented the 
thick 
and 


convection, 


accumulation of water vapor in a 
humid film surrounding the 
insects. Thus the reading on a wet bulb for 
the air immediately surrounding the in 
a dry 


yrain 


sects is lower than that shown hy 
bulb thermometer. This condition prob 
ably accounts for the survival of insects 
at dry bulb temperatures generally con 
sidered lethal. 
The laboratory 


apparatus controlled 
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within close limits both the dry and wet 
bulb temperatures of the drying air. For 
each selected dry bulb temperature, a 
series of wet bulb temperatures was es- 
tablished. From the relationship between 
these two temperatures can be interpo- 
lated the per cent of moisture carried by 
the drying air. 

Insects were subjected to fixed dry and 
wet bulb temperatures for selected periods 
of exposure to obtain an experimental 
mortality rate. This mortality rate was 
found to be closely associated with the 
wet bulb temperature and the length of 
the exposure. Insects in containers with- 
out rapid air movement would survive a 
much shorter period of time than those 
exposed in moving air because in a con- 
fined atmosphere the wet bulb tempera- 
ture approaches the dry bulb tempera- 
ture. 

LABorRATORY Apparatus.—The _ pre- 
cision laboratory dryer used in the experi- 
ments reported in tables 1 and 2 consists 
of a vertical chamber 22 inches square in 
which the samples are placed for drying. 
A fan at the rear draws the air from the 
top of this chamber, forces it through a 
duct leading to the bottom of the vertical 
chamber where it is returned past the 
grain. The air duct contains 21 kilowats 
heating capacity for maintaining the air 
temperature at the desired point. In the 
lower section of this duct, with the heater, 
are the resistance thermometers which 
form two legs of the Thomas meter wheat- 
stone bridge. This is used to measure the 
volume of air that is circulated past the 
sample. To the rear of the connecting duct 
are the atmospheric still and the electric 
boilers used for maintaining the dew point 
of the drying air at the desired level. The 
latter equipment is very important since 
it is frequently necessary to add water 
to maintain a high humidity in the dryer. 
Figure 1 shows a general view of the ap- 
paratus. 

The recording, controlling and indicat- 
ing instruments used with the drier are 
shown on the two instrument panels. The 
conventional recording-controlling poten- 
tiometer at the extreme left records and 
controls the dry bulb temperature. The 
plugs and jacks at the right of the left 
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panel permit various heating elements to 
be connected through the control dises of 
the instrument or operated manually, as 
desired. A series of signal lights indicates 
when this, as well as other controls, are 
operating. At the left of the right panel 





Precision laboratory drier used in 
the insect survival experiments. 


are shown the straight-wire adjusting 
rheostat, galvanometer, heat adjusting 
rheostats, and wattmeter of the Thomas 
meter. The conventional recording-con- 
trolling potentiometer at the right of the 
right panel and a Johnstone dew point 
meter, not visible, record the dew point. 

Drying tests with bulk grain were made 
in experimental cribs with 4- by 8-foot 
screen bottoms. The crib can be moved 
over a scale for weighing. A furnace and 
fan located in the scale house supply 
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heated air for semi-commercial drying and 
storage studies. 

EXPERIMENTAL INsects. ~ Breeding in 
dent corn on the ear were angoumois grain 
moth, Sitotroga cerealella (Oliv.); rice 
weevil, Sitophilus oryzae (L.); and granary 
weevil, S. granarius (L.). 

Breeding in wheat were the rice weevil, 
granary weevil, and lesser grain borer, 
Rhizopertha dominica (F. flat grain 
beetle, Laemophloeus sp.; confused flour 


beetle, and Tribolium confusum (Duv.). 
LABORATORY TeCcHNIQUE.— The general 
technique developed for drying studies 


of hybrid seed corn was used. Fifteen ears 
of corn, infested in the field with angou- 
mois grain moth or infested in the labora- 
tory with rice and granary weevil, were 
placed in the drier at the beginning of 
each experimental drying. At intervals 
during the drying period a 5-year group 
was removed. These groups, as well as a 
control group, were shelled, weighed, and 
the moisture content determined. The 
grain was then stored in 2-quart jars for 
rearing of insects. Samples were examined 
at weekly intervals, and all living insects 
counted and removed. Examinations were 
continued until the insects in the control 
samples had passed through a complete 
life cycle. 

The studies on infested wheat samples 
were made, whenever possible, in’ the 
same experiments with the studies on ear 
corn. Muslin bags each containing a half 


Table 1.—Angoumois grain moth survival in experimental drier where fixed temperatures and 
humidities were maintained by rapid air movement. Survival percentages are based on numbers of 
adults reared from control samples. The germination of corn was not injured by these conditions. 





DrytnG ConpbiITIONS 


Relative 
Humidity 


Temperatures 
(Degrees F.) Bulb 


Dry—Wet Per Cent I 
120 66 38 

120 98 +4 

120—102 50 

126 66 $1 

126 99 36 

126—107 48 

130 91 21 

130—1038 37 100 
130—116 61 } 
134 81 9 92 32 
134—104 33 88 
140 83 8 100 72 
144— 85 7 100 71 
150 85 5 SO a 
150— 96 12 79 29 
161— 89 5 53 17 


PERCENTAGE OF SURVIVAL IN Ear Corn 
Exposure in Hours 
2 4 6 12 1S 24 
100 22 9 2 
711) 17 } 0 
1O0o 1) l 0 
85 $7 21 ) 
100 75 1D } 
89 24 } l 
59 67 } 0 
27 0 0 
I 0 
24 
0 0 0 
21 6 
2 0 
Ss 6 
8 0 
7 0 
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Table 2.—Insect survival in experimental drier where fixed temperatures and humidities were 
maintained by rapid air movement. Survival percentages are based on numbers of adults reared from 
control samples. The germination of corn was not injured by these conditions. Lesser grain borer in 


wheat; rice and granary weevil in ear corn. 





DryiInc CONDITIONS 
Pemperatures a Lesser Grain Borer 
Jevrees — ; I osure, 
| Bull Humidity ad " 
er Cent 

Dry Wet Per Cen 2 } 
11] SI 2% 100 100 
11S 76 16 

115 9S 53 Loo 100 
115109 Ss] 100 100 
1v0) io 19 1Oo loo 
119 ot 6 

12] hoo +4 Loo 100 
120 107 Ol boo Loo 
125 S2 1+ oo 100 
125 97 a roo 1O0o 
125 106 nh 

125 lor +2 hoo x0) 
125 11S 65 boo loo 
125 114 OS boo 0 
125 117 76 l Tt) 
ro t+? 1S hoo loo 
ro bt bed 2] bow SO 
0 loi 4 hoo 5 
Bi 1lo oo 6 “ 
Bib 11S ua 0 0 
15 S> 11 Loo 0 
1b5 4 1) low S 
5 lot +4 ih ‘ 
135 116 1 l it 
15 117 +4 () () 
10 SI 4) Si) a 
1h oF 19 1) () 
1 Lot +t} uD 
140) 10S 3 | 0 
1 4 99 lt i a 


pint of wheat from a breeding chamber 
were used. About 80 per cent of the mixed 
culture the chamber 
lesser grain borers, and the remainder con 
sisted of about equal numbers of adult 


lour 


in breeding was 


rice and granary weevils, confused { 
heetles, flat grain beetles, and saw-toothed 
grain beetles. , 

ResULTS FROM EXPERIMENTAL Drikr. 

In ear corn the angoumois grain moth 
was killed by a comparatively wide range 
of drying conditions Table 1). The ability 
of this insect to survive was closely re 
lated to factors of temperature, humidity 
and length of exposure. For equivalent 
survival, the length of exposure could be 
decreased either the temperature or 


as 


PERCENTAGE OF SURVIVAL 


Rice and Granary Weevils 


Hours Exposure, Hours 
6 2 $ 6 
100 100 100 100 
63 78 35 
100 16 10 2 
100 17 0 0 
100 SS 12 l 
37 4 0 
100 9 0 $ 
100 0 0 0 
100 10 0 0 
100 +] 0 0 
0 0 l 
x 
60 
S 
0 
50 ] 0 0 
15 0 0 0 
0 0 0 0 
0 a 0 0 
i) 
0) 0 0 0 
0 Tt 0 0 
a 0 0 0 
i) 
i) 
a 0 0 0 
0 0 0 0 
0 0 0 0 
i) 
0 





humidity was increased. The 
of moisture carried by the drying air 
greatly influenced the ability of the in- 
sects to survive. Under conditions near 
the critical limit of survival at each time- 
temperature level, the percentage of the 
angoumois grain moth that survived was 
decreased as the humidity was increased. 

The survival of rice and granary weevils 
in ear corn is given in table 2. These in- 
sects were killed at lower temperatures 
than was angoumois grain moth. Smaller 
numbers of them survived at each time- 
temperature level as the humidity was 
increased. At fixed temperature-humidity 
level, a longer time of exposure increased 
the mortality rate. To effect complete 


percentage 





mortality of rice and granary weevils it 
was necessary to subject them to a condi- 
tion represented by a minimum dry bulb 
temperature of 125° F., with a wet bulb 
reading of 82°, for periods of 4 to 6 hours. 
This condition is equivalent to a relative 
humidity of 14 per cent at 125°. Germina- 
tion was not affected adversely under the 
conditions of these experiments. 

The lesser grain borer withstood very 
severe conditions of drying. The survival 
range of this insect, also, is shown in 
table 2. The depressing effect of higher 
humidities is shown at dry bulb tempera- 
tures above 120°. For 2-hour periods of 
drying, about equal mortality was ob- 
tained under four experimental condi- 
tions with a dry bulb temperature of 
less than 140°. A wet bulb temperature 
between 115° and 117° was necessary to 
kill the lesser grain borer. These wet bulb 
temperatures are equivalent to a dry bulb 
temperature of 125° at a relative humidity 
of 76 per cent; a dry bulb temperature of 
130° at a relative humidity of 60 per cent; 
and a dry bulb temperature of 135° at a 
relative humidity of 51 per cent. 

Mixed with the lesser grain borers in 
the wheat samples were smaller numbers 
of rice weevils, granary weevils, confused 
flour beetles, flat grain beetles and saw- 
toothed grain beetles. The limited num- 
bers of individuals in the tests justify only 
brief discussion. All were subjected to the 
drying conditions shown in table 2. 

Among rice and granary weevils, mor- 
tality began when the dry bulb reading 
rose to 120° and the wet bulb reading to 
83°. A few of these insects survived for 2 
hours when the dry bulb reading was 120 
and the wet bulb reading 100°; for 2 to 6 
hours when the dry bulb reading was 125 
and 130° and the wet bulb reading 82 
and 83°. 

With confused flour beetles, mortality 
began when the dry bulb reading rose 
to 125° and the wet bulb reading to 97 
A few of these insects survived for 2 
hours when the dry bulb reading was 125 
and the wet bulb reading 102°; for 2 to 
t hours when the dry bulb reading was 
125° and the wet bulb reading 113°; for 
2 to 6 hours when the dry bulb reading 
was 130° and the wet bulb reading 83°: 
for 2 to 4 hours when the dry bulb read- 
ing was 130° and the wet bulb reading 92° 
and for 2 hours when the dry bulb reading 
was 135° and the wet bulb reading 94°. 
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With flat grain beetles, mortality began 
when the dry bulb reading rose to 125 
and the wet bulb reading to 97°. A few of 
these insects survived for 2 hours when 
the dry bulb reading was 125° and the 
wet bulb reading 113° for 2 to 4 hours 
when the dry bulb reading was 130° and 
the wet bulb reading 83° and 92° for 2 
hours when the dry bulb reading was 135° 
and the wet bulb reading 94°. 

With saw-toothed grain beetles, mor- 
tality began when the dry bulb reading 
rose to 120° and the wet bulb reading to 
83°. A few of these insects survived for 2 
to 6 hours when the dry bulb reading was 
125° and the wet bulb reading 82°; for 2 
to 4 hours when the dry bulb reading was 
130° and the wet bulb reading 83°, 90 
and 101°; for 2 to 4 hours when the dry 
bulb reading was 135° and the wet bulb 
reading 94° and 104°; and for 2 to 6 hours 
when the dry bulb reading was 140° and 
the wet bulb reading 97°. 

Fietp Trecuntque.—The field 
were made in a somewhat different man- 
ner. The wheat, barley and corn used were 
artificially infested several months previ- 
ous to the tests and stored at a distance 
from the experimental cribs. When the 
latter cribs were filled, five series of ther- 
mocouples were placed in the grain. Con- 
secutive couples in each series were placed 
on the floor and at 1-foot intervals above 
the floor. In some cases additional temper 
ature readings were made with thermo 
couples attached to a probe. An additional 
thermocouple was placed in the air inlet 


studies 


duct. The wet bulb temperature was 
secured by a separate wick-covered 
thermometer in the air duct. The air 


velocity on the surface of the grain was 
taken with an anemometer held at the 
surface. Samples of grain were taken from 
and below the surface as the cribs were 
emptied. The insects in these samples 
were reared, counted and removed in a 
manner similar to the insects in the ear 
corn samples. 

Fietp Resutts.The results secured 
in the field drying of grain are given in 
table 3. In the case of wheat, barley and 
shelled corn the results indicate the 
length of time required to heat a solid 
mass of grain. Where the depth of the 
grain was reduced to permit a greater 
volume of air to flow, a rapid temperature 
rise was secured, as shown in the 12- and 
24-hour runs on wheat. During these pro- 
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Table 3.—Insect survival in bin and crib storage after heating by forced draft from bottom, with 
dry bulb (D.B.) and wet bulb (W.B.) temperatures. Small grain infested with mixed culture of grain 
insects; corn infested with rice and granary weevil. 











SURFACE AVERAGE Average Day Bute Temperature oF 
V ELOoc- GRAIN leMPERA- GRAIN AND PerRceNntTAGE SuRVIVAL 
ITY STATI rur® Dry- at Enp or Drytne 
Day Fret Pres Orig ING AIR - - Con- 
ING PER SURE inal Deroarees F. Depth to floor in feet TROL 
lime Min INcnes Dept! rem - - Sam- 
GRAIN Hours wtr Water Inches perature WB—DB Floor 1 2 3 ‘ 5 6 7 PLE 
Wheat Conditions 24 0 60 94 87—203 191° 112 93 9x 92 91 
Per cent 
Survival Mixed culture 100 100 100 100 100 100 
Wheat Conditions 12 26 tf) 7 85-—195 225° 218° 183° 100° 
Per cent 
Survival Mixed culture 0 0 100 100 
Wheat Conditions r : 10 74 sto 192 198° 172 
Per cent 
Survival Mixed culture 0 2 100 
Barley Conditions 6 1} 12 69 84-168 176° 162 
Per cent 
su l Mixed culture 0 t 100 
Shelled Conditions s 6s 0 ‘ 92-—180 183° 179° 167 148° 132 
Corn 
P ent 
Sur Wee 0 0 0 0 100 
Pe t 
, ( 61 98 100 100 100 
Kar ( | ’ 146 l St ‘1 S2-—-164 146° 148° 14 142° 140° 136° 133° 128 
( ! 
Per cent 
Survival Wee 0 0 0 0 0 0 0 100 
Per cent 
Cs natior ( 100 «100 «100 98 100 100° 100 100 
! Conditior 4 1” | S45 oo St—205 201° 200° 195° 182° 180° 170° 140° 143° 
Cort ——__—_—_—— 
Survival Weevil 0 0 0 0 0 0 30 100 
Per cent 
Germinatior Cort 0 2 25 88 100 100 100 100 
At Surface 


longed heating periods, the insects mi- 
grated toward the surface of the grain as 
the temperature within the mass reached 
what apparently produced unsatisfactory 
living conditions. With the exception of 
the 12- and 24-hour runs on wheat, the 
insects were either near, on, or above the 
grain surface (on the bin walls) at the end 
of each run. As each study progressed, 
the to collect. in 
definite areas on the surface of the grain. 
The temperature in these piles was found 
to be as much as 50° lower than the sur- 
face temperature 2 to 4 inches away. The 
fact that this condition was due to air 
channels in the grain was demonstrated 
by the rapid increase in temperature and 
the seattering of the following 
probing through and below the pile. This 
surface temperature variation probably 
explains the incomplete kill in the 5- and 
6-hour runs on wheat and barley. 


insects were observed 


insects 


In the light of laboratory work the low 
wet bulb temperature of the drying air 
explains to some extent the relatively high 
temperature required to kill the grain 
insects. 

The kill of insects in shelled corn was 
more nearly complete than that in wheat 
and barley. The more porous nature of 
the shelled corn permitted a greater 
valume of air to be circulated and more 
rapid heating to be secured. In the 4-hour 
ear corn run the insects survived a tem- 
perature of 143° F. in the upper 12 inches. 
This undoubtedly is another indication 
of air channels in the grain mass. 

GeNeERAL Discussion.—The drying of 
moist material in a stream of moving air 
is materially different from drying it in 
contact with a hot surface or in still air. 
Where sufficient moisture is present the 
material stays at, or very near, the wet 


bulb temperature of the air throughout a 
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part of the drying period. During this 
time, heat from the air is utilized in 
evaporating moisture from the solid. This 
process lowers the air temperature, as 
recorded on the dry bulb thermometer, 
but does not change the wet bulb reading 
nor heat the material. As drying pro- 
gresses, or in case material with a low 
moisture content is used, the rate of dry- 
ing decreases and the wet bulb reading of 
the material increases until it is near the 
dry bulb reading. Where insects are pres- 
ent in the material being dried, they very 
likely respond to the drying conditions in 
a manner similar to that of other moist 
materials. Thus, the insects undoubtedly 
evaporate moisture as a means of remain- 
ing at or near the wet bulb temperature 
for as long a period as possible. As their 
internal supply of moisture is reduced, 
their body temperature undoubtedly in- 
creases until death occurs. In certain 
cases this process may occur so rapidly 
that the injury to the insect tissue appears 
to be due to something other than cesicca- 
tion. 

Large masses of bulk grain are difficult 
to heat to a temperature lethal to insects 
because the air spaces are so small that 
the entire mass must be heated to secure 
a kill. The humidity of outside air is fre- 
quently so low that insect killing during 
drying will be difficult unless moisture is 
artificially added to the air. 

Commercial hybrid seed corn drying 
plants operating at dry bulb temperatures 
of 105° to 110° and wet bulb temperatures 
of 70° to 80° are not likely to secure insect 


somewhat more severe conditions after 
the corn moisture content has been re- 
duced below about 15 per cent. 

SummMary.—1. Lethal drying conditions 
were determined for qIx insects in their 
natural breeding medium, these included: 
angoumois grain moth, and rice and 
granary weevils in ear corn; lesser grain 
borer, confused flour beetle, flat grain 
heetle, saw-toothed grain beetle, and rice 
and granary weevils in wheat. 

2. Higher temperatures were more 
destructive to all insects than lower tem- 
peratures, as were higher humidities and 
longer drying periods. 

3. The rice and granary weevils were 
killed at lower temperatures, lower hu- 
midities and shorter times of exposure 
than were the other species. The confused 
flour beetle and flat grain beetle adults 
were more resistant to drying than rice or 
granary weevil and less resistant than 
saw-toothed grain beetle. The adult saw 
toothed grain beetle was less resistant 
than the angoumois grain moth, which in 
turn was less resistant than the adult 
lesser grain borer. 

4. Insects were more easily killed in ear 
corn than in shelled corn, wheat or barley 
because the large air spaces permitted 
rapid movement of the air. 

5. The tendency for air to seek channels 
through a mass of grain or ear corn may 
result in differences of as much as 50° in 
the temperature within a distance of 2 to 
+ inches. 

6. The commercial drying of hybrid 
seed corn at dry bulb temperatures of 105 





control during the regular drying opera- to 110° and wet bulb temperatures of 70 
tion. It is possible, however, that control to 80° would not kill the common insects 


may be secured by a final drying under _ that infest stored grain. —7-7-42. 


THOMAS Say ENTOMOLOGICAL 
Society Mrets 


The annual dinner of the Thomas Say Entomolog 
ical Society, student society of Purdue University, 
was held in the Purdue Memorial Union the evening 
of December 1, 50 students and alumni attending 
The guest speaker was W P Flint, who puve a 
realistic picture of the life of Stephen A. Forbes, , 
known throughout the Central West as the Dean of 
American Economic Entomology. Clyde E. Tim- 
mons, president of the society, and J. J. Davis re 
viewed the activities of the 25 entomology mayors 


who are now in the armed service 








| The Activating Effect of Pyrethrum upon the 
| German Cockroach’ 


Joun M. Hurzer, Ohio State University, Columbus 








The sequence of symptoms illustrated 
by the movements of an insect treated 
with pyrethrum may be observed to run a 
course of excitation, convulsions, and 
paralysis. Aside from the work of Klinger 

1936), who registered the writhing re- 
actions of lepidopterous larvae to pyre- 
thrum with a kymograph, no concerted 
attempt has been made to record the in- 
itial reactions of insects as an approach to 
a physiological study of the characteristic 
effect of pyrethrum upon them. 

Metuops anp Marertaus._-In_ the 
present investigation four methods have 
heen employed to study the activating 
effect of pyrethrum upon the adult Ger- 
That cockroach, Blattella germanica Bac 
riz., the track method, the squirrel cage 
method, the modified entomotograph 
method, and the leg-jerk method. 

In the track method roaches were al- 
lowed to run over a dusted surface and 
observations were made of the effect of 
pyrethrum upon their activity as shown 
by their footprints in the dust. The 
roaches were placed in a small glass eylin- 
der set upon an inch square section of 
sandpaper at the center of a dusted plate 
enclosed within a circular celluloid barrier. 
The insecticide was applied to the wing 
tips by means of a micropipette, and the 
small evlinder removed after a given 
interval. In this way tracks were obtained 
representing various stages of the effect 
of the toxicant. 

In the squirrel-cage method (treadmill) 
a roach was introduced through a flap into 
a hollow annular rim (0.6em. high and 0.6 
em. wide) of a cellulose acetate wheel 5 
em. in diameter (Fig. 1A). The running 
of the insect in the wheel caused it to ro- 
tate. Before and after application of the 
insecticide the revolutions of the wheel 
were recorded hy the following mecha 
nism. Attached tothe horizontal wire axle 
of the wheel were two number 34 gauge 
wires set at a 180° angle and projecting 
2.5em. beyond the rim. The axle was sup- 
ported by 2 copper bearings connected in 


( bu t the Ohio State University Resea Founda 
tion in cooperation with the Ker Pyrethrum Extension 
Servir Ln Ne York, N.Y. Supervised by Professor F. 1 
( ell 





turn with batteries, a signal magnet, and 
a pool of mercury held in a metal cup be- 
neath the wheel. As the wheel turned, a 
wire passing through the mercury com- 
pleted the circuit and caused the writing 
tip of the signal magnet to mark upon a 
rotating kymograph drum. Each mark 
represented a half-revolution of the wheel. 
After the insect had caused the wheel to 
turn several times, a measured droplet of 
liquid insecticide was placed directly upon 
the celluloid rim on a small area perfor- 
ated with 9 closely set pin holes. The 
roach in the wheel received the liquid 
through contact with the legs and ventral 
surface of the body. Pyrethrum powder 
was applied by placing a small quantity 
in the wheel, shaking it about thoroughly, 
and then admitting the roach. After each 
recording the wheel was washed in petro- 
leum ether and thorughly dried before the 
next test. 
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Fic. 1 A: Squirrel cage; right, celluloid wheel 
showing roach in running position and electrical con- 
tacts; left, cross section through wheel and supports 
showing contact of wire with mercury. B: Modified 
entomotograph showing roach attached by wings 
to weighted tube with its feet touching the adhesive 
tape surface. C: Leg-jerk set up showing roach fas- 
tened to slide by scotch cellulose tape with right hind 
leg free and attached by a hair to a crank lever. 
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In the modified entomotograph method 

a roach was held stationary with its legs 
free to exert muscular traction upon a 
recording device similar to that described 
by Yeager & Swain (1934). The apparatus 
Fig. 1B) consisted of a cellulose acetate 

wheel 7 em. in diameter with a writing 
lever glued across the two horizontal 
spokes. It was counterbalanced by two 
wire springs attached to the lever just 
outside the rim of the wheel and extending 
upward to two wire supports upon which 
rested a mercury-weighted glass tube. A 
roach was fastened to this tube by scotch 
tape slipped under its wings, and the tube 
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Fic. 2.—Typical records obtained by the squirrel cage method. Below each record is a short sec 
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nal magnet every 2 seconds. To indicate 
the time of application of the insecticide 
the signal magnet was depressed by a 
short-circuit key and released at the 
moment that the liquid touched the in- 
sect’s body. 

To apply minute doses accurately, a 
micropipette was made from an empty 
mercury thermometer. The bore at the 
zero end was enlarged and a fine syringe 
needle inserted and fixed in place with 
sealing wax. A small tuberculin syringe 
B-D Yale No. 1 Lt) was attached to the 
opposite end with a short piece of rubber 
tubing. In practice the needle was inserted 


Oe BL 4 h 


tion of the 2 


second time interval tracing, the break indicating the point of application of the insecticide. A: O.T 


B: pyrethrum powder, 1.03 per cent pyrethrins; ¢ 


Derex concentrate; | 


was placed so that the tarsi of the roach 
touched the surface of a strip of adhesive 
tape stuck to the top of the rim. Liquid 
insecticides were applied to the abdomen 
with a micropipette after the roach was 
in place, whereas dusts were sifted onto 
the adhesive surface and then the tube 
holding the roach set in place. As the 
roach attempted to move normally or in 
response to the treatment, the writing 
lever moved up or down against a revolv- 
ing kymograph drum. 

In the leg-jerk method a roach was 
fastened on its back to a microscope slide 
with scotch tape, leaving only the right 
hind leg free to move (Fig. 1C). A human 
hair attached to a crank lever was looped 
about and tied to the tarsus’ of the free 
leg, and the response of the normal or 
treated insect recorded with a kymograph. 
Liquid insecticides were applied with a 
micropipette to the last 3 ventral ab 
dominal segments. 

The timing device consisted of a metro 
nome fitted with contacts so as to com 
plete a circuit through a battery and sig 


Lethane S4 concentrate; D 


75 per cent ik HI-S; E 


1) per cent nicotine 


in the liquid and the plunger withdrawn 
from the syringe with a quick jerk. The 
usual excess of liquid in the capillary was 
removed by holding the needle tip against 
a piece of blotting paper. The plunger was 
then replaced and the liquid carefully 
forced out to remain clinging to the tip of 
the needle as a small droplet, ready to be 
applied to the insect. When calibrated 
with mercury at 23° C. each division of 
the thermometer was found to equal ap 
proximately 0.000022 ml., or 0.02 micro 
milliliters (mml.). 

The pyrethrin solution most used was 
a sample of the 1941 Official Test Insect: 
cide (O.T.L.) of the National Association 
of Insecticide and Disinfectant Manu 
facturers. It contained approximately 100 
mg. of pyrethrins per 100 ce. of highly 
refined kerosene. A sample of ground 
Kenya pyrethrum flowers containing 1.08 
per cent pyrethrins (pyrethrin 1, 0.54 per 
cent; pyrethrin I, 0.49 per cent) was used 
undiluted in all applications of pyrethrum 
in dust form. Tests were also made with 
proprietary insecticides contaiming nico 
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tine (Black Leaf-40, Black  Leaf-50), 
N-butyl carbitol thiocyanate (Lethane 
384), rotenone (Derexr), and a petroleum 
derivative (.1R-50-S). These materials 
were used straight or diluted with highly 
refined kerosene (Deo-Base). 

Resutts And Disceussion.—Each 
method demonstrated different features 
of the effect of pyrethrum upon the Ger- 
man roach. 

The track method showed that treated 
roaches ran in a crouched position and 
dragged their abdomens, thus increasing 


tion of the 2 


\: untreated; B: Lethane 384, 2.5 per cent by volume, 
pyrethrum powder, 1.03 per cent pyrethrins. 


Q.T.L., dose 1.01 mml.; E 


the amount of toxicant adhering to their 
bodies. 

In figure 2 are records obtained by the 
squirrel cage method showing the typical 
response of adult male roaches to the 
effects of pyrethrum (O.T.L. and powder), 
Lethane 384 concentrate, Derex concen- 
trate, 75 per cent AR-5O0-S, and 30 per 
cent nicotine, the latter two being diluted 
with Deo-Base. The reactions to both the 
liquid and dust form of pyrethrum were 
much the same, differing for the most part 
in the length of the latent period. The 
latent period for pyrethrin solutions was 
less than 2 seconds, whereas the latent 
period for pyrethrum powder averaged 55 
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seconds. Following the latent period was 
a short period of continuous fast running, 
during which the maximum speed was 
attained. The running next tended to 
hecome discontinuous, although the speed 
slackened but slightly so that the records 
show groups of closely set marks. These 
groups became smaller and spaced farther 
apart until eventually single marks oc- 
curred at long intervals caused by the 
roach moving in uncoordinated short 
spasmodic jerks. 

The average normal rate of running in 
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Typical records obtained by the modified entomotograph method. Below each record is a short sec 
second time interval tracings, the break indicating the point of application of the insecticide 


dose 1.01 mml.; C: Black-Leaf, 50 dose 1.01 mml.; D 


the squirrel cage was 3.0 cm. per second. 
Upon application of pyrethrum the rate of 
running was increased to an average maxi- 
mum speed of about 11 em. per second. 
Nicotine, Lethane 384, Derer and AR-50-S 
caused no acceleration. The variation in 
individual responses of untreated roaches 
is quite evident from an inspection of the 
records. They may continue to run fairly 
steadily in the wheel, or stop to clean their 
appendages. This habit makes it difficult 
to compare by this method the reactions 
of insecticides that do not strongly affect 
the roach. When the insect runs across 
the wet patch in the rim, it may stop 
shortly thereafter to remove the contam- 
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inating substance from its feet and anten- 
nae. Even roaches treated with pyrethrum 
will attempt to clean themselves, but they 
are so agitated by the insecticide that the 
interruption is momentary. 

The reactions of normal and 
adult male German roaches, as recorded 
by the modified entomograph method, 
figure 3. Records of un- 
showed — considerable 


treated 


are shown in 
treated 
variation, not only with respect to the 
frequency of the deviations from the base 
line and their amplitudes, but also with 
respect to the periods of uninterrupted 
pull exerted by the roaches. These varia 


re aches 


tions occurred in spite of the care exer 
cised to place the roaches in the same posi- 


Fic. 4 ['ypical records obtained by the leg-jerk 
method Below each record are 2 short sections of 
the 2 second time inte rval trac ings, the break 
one at the left indicates the point 
the insecticide and the break in the 


n the 
of application of 
right indicates 


mechanical stimulation with a blunt dissecting 
needk \: untreated; B: O.T.L, dose 0.22 mml.; 
( L ethane 4. 4 per cent by volume, dose 0 22 
mmil.: D: 30 per cent nicotine, dose 0.22 mml EK 


pyre thrum powde r, 1.03 per cent pyrethrins applied 
to the of the abdomen and the 
thorax 


ventral surface 


tion on the wheel for each record and 
probably represent individual differences 
in vigor. Following application of the 
insecticide an initial increase in pull by 
the roach wheel occurred in 
variably and due to mechanical 
stimulation. Lethane 384 (2.5 per cent by 
volume) and nicotine (Black Leaf-50) at 
a dose of 1.01 mml. seemed to cause some 
stimulatory effect, but there was no sharp 
distinction between their respective rec- 
ords and those of untreated roaches. The 
same dose of pyrethrum, however, caused 
the roaches to behave in such a way that 
very characteristic records were obtained. 
Almost immediately after the droplet of 


upon the 
Was 


kK ONOMIC 
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pyrethrum was applied to the ventral tip 
of the abdomen, a series of sharp forward 
movements occurred, On the record these 
appear as spikes of maximum amplitude 
all occurring above the base line. As the 
forward movements continued, the ampli- 
tude of the spikes decreased, although the 
frequency remained about the same. 
Then, gradually , the amplitude increased 
again, accompanied by a decrease in fre 
quency, and eventual falling of the lower 
level of the spikes toward the base line of 
the record. 

The reactions to pyrethrum dust were 
equally striking. As illustrated in figure 8, 
the longer latent period is followed by a 
more gradual onset of persistent forward 
jerks. This is evidenced by the occurrence 
of spikes below the base lin 

The 
adult male German roaches, 
by the leg-jerk method, are 
figure t. The records of untreated insects, 
Lethane IN 
with the 
characteristic record of pyrethrum activa 
tion. While variations du 
in dosage and concentration, and to indi 
may alter the ap 
veneral pat 


reactions of normal and treated 
as recorded 

shown It) 
with 


and of insects treated 


and nicotine, contrast: sharply 


to clitte rehices 


vidual susceptibility, 
pearance of each record, the 
tern of response to pyrethrum extracts 
may be divided into two phrase s, the first 


lasting a few seconds and the second 
several minutes. After a short latent 
period of less than 2 seconds, there follows 
a period of intense excitation. The initial 
jerks increase rapidly in intensity until the 
maximal is reached, resulting in a stair 
case-like tracing. During the next few 


seconds the amplitude of the spikes pro 
duced on the record decreases sharply, 
while the frequeney remains fairly con 
stant. The amplitude then begins to in 
crease again accompanied by a gradual 
decrease in the freque ney and followed by 
The 


submaximal 


the onset of the second phase second 


phase usually consists of 
spikes occurring for the remainder of the 
record. Throughout the first phase, and 
in part of the phase, the leg 
muscles evidenced incomplete relaxation. 


second 


This type of record was most consistently 
obtained with doses just sublethal 
Records of the reactions to other in 
secticides obtained hy the leg-jerk method 
into char 


cannot be similarly resolved 


acteristic phases. An inspection of the 


frequency and amplitude of the spikes of 
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the Lethane 384 and nicotine records re- 
veals no well defined characters that 
would serve to establish the identity of 
either insecticide. 

Pyrethrum powder distributed over the 
ventral surface of the roach caused a re- 
action as characteristic as that of pyre- 
thrin but in the the 
powder the latent period was prolonged 
and the onset of the reaction was gradual. 

Summary. Four methods are deseribed 
to record the initial effect of pyrethrum 
upon the German cockroach. The results 
indicate that pyrethrum is unique in its 


solutions, case of 
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activating effect upon this insect. No 
other insecticide tested, including those 
containing N-butyl carbitol thiocyanate, 
rotenone, or nicotine caused similar vio- 
lent reactions. 

The activating effect of pyrethrum is of 
practical value because sublethal doses 
will impel the roaches to desert their hid- 
ing places and become exposed to lethal 
doses. In applications of pyrethrum dusts 
the reaction is such that the roaches drag 
their abdomens and otherwise increase the 
amount of toxicant adhering to their 
8-7-42. 


bodies. 
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the author 


the sequence of reactions 


In a previous paper by 
Hutzel 1942 
excitation, convulsions and paralysis) of 
the German roach treated with pyrethrum 
were recorded by means of a kymograph. 
The present investigation ts a study of the 
factors influencing these reactions. 

Dose, CONCENTRATION AND VISCOSITY. 

In each experiment an adult test insect 
was fastened on its back to a microscope 


slide with seotch tape. The legs, except 
for the right hind leg, were immobilized 
and a human hair attached to a crank 


lever was looped about and tied to the 
tarsus of the free leg. Records were ob- 
tained with a kymograph turning one 
revolution in 8 minutes. | micropipette 
made from a thermometer tube was em 
ploved to apply minute doses of the in 
secticide. Each division of the thermome 
ter was equivalent) to approximately 
0.000022 ml. of mercury at 23° C., or 0.02 
micromilliliters (mmil.). All appheations 
of liquid insecticides were made in the 
area of the last three ventral abdominal 
segments 
The typical record of pyrethrum activa 
( j e State I Rese l 
; P am | 


State Unive rsity, dlumbus 


tion obtained by this method at doses just 
sublethal consists of two phases, the first 
lasting but a few seconds and the second 
several minutes (Fig. 1, B). After a short 
latent period of less than 2 seconds, for 
either male or female roaches, there fol- 
lows a period of intense excitation indi- 
cated on the record by spikes of maximum 
amplitude occurring at maximum fre- 
quency. Within a few seconds the ampli- 
tude decreases rapidly while the fre- 
quency remains almost unchanged. The 
amplitude then increases again accom- 
panied by a decrease in frequency and 
followed by the second phase consisting 
of submaximal spikes occurring for the 
rema nder of the record. 

Doses of 0.06 mml. or less of a 0.1 per 
cent pyrethrin solution did not cause any 
typical reaction. All larger doses of the 
same concentration elicited the typical 
reaction or some modification of it. With- 
in the range of dosages employed, 7.e., 
from 0.04 mml. to 4.09 mml., increasing 
the dose did not appreciably affect the 
length of the latent period and progres- 
sively shortened the time required for 
paralysis to set in. High doses still caused 
the initial rapid jerking, but the ampli- 
tude of the spikes on the record did not 
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again increase after rapidly falling to the 
base line. 

A threshold concentration of pyrethrins 
was required for stimulation. The lowest 
concentration at which the pyrethrum 
response could be recognized through the 
leg jerks was 0.005 per cent at a dose of 


fas f $s dsts 


¥ 


B 


Pidain het nash AL chsh a A 


Fr 


Fig. 1 
just sublethal, 0.22 mml.; C: Dose lethal, 
lated intestine; E: Record of the contractions of 
99 per cent nicotine: F: Record of the contracti 
0.1 per cent py rethrin concentrate he right arm 
left indicates the point of application of the 
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Records A, B and C, leg-jerk reactions to pyrethrum. A 
t.09 mml.: 
the isolated intestine following application 
yns of the isolated leg following application f $.5 mml 

of the break in the 2 second time inter | tracings to the 


insecticide 
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Pyrethrum powder distributed over the 
entire ventral surface of the roach caused 
a reaction as that of 
pyrethrum solutions, but in the case of the 
powder the latent period was prolonged, 
the onset of the reaction gradual, and the 
leg jerks were less frequent. The ventral 


characteristic as 


| 
ft j P i J 
' 4 
Dose subactis iting, O.06 mi | RB Dose 
DD): Record of the contractions of the untreated is 


The break to the right, 


when present, ndicates 


period of repeated mechanical stimulation with a blunt dissecting needle 


1.01 mml. Increasing the concentration 
at this dose had little effect upon hasten- 
ing the onset of paralysis within the re- 
corded interval unless the dose exceeded 
a definite minimum, somewhat less than 
1.01 mml. 

(pplication of a highly viscous pyre 
thrin concentrate containing 31.8 per cent 
pyrethrins failed to produce a recogniz 
able reaction within the recorded interval 
although it was ultimately lethal. If this 
concentrate was diluted until activation 
first occurred the response was similar to 
that of sublethal. The fre 
quency of the second phase jerks, how 


doses just 


ever, was higher. 


thoracic area was more sensitive than the 
ventral abdominal area, applications of 
powder in the latter region often failing to 
bring about a response, irrespective of the 
quantity. 

SEVERING THE NERV! Histo 
logical investigations have indicated that 


Corp 


pyrethrum affects insects by causing cellu 


lar disintegration in the nerve cord (Wil 
coxon & Hartzell 1933: Klinger 1986: 
Wigglesworth 1941). In order to prove 


that the activating effects of pyrethrum 
placed upon the abdomen of the German 
roach were transmitted through the nervy 
ous system, the nerve cord was severed 
beneath the 3rd overlapping abdominal 
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segment. This operation blocked the con 
duction of activating impulses to the legs 
when pyrethrum was applied to posterior 
portions of the abdomen. The abdomen, 
however, responded in the typical manner 
by twisting and by twitching movements 
of the cerci, and, if pyrethrum were next 
applied to the thorax, the legs gave the 
characteristic jerking response. Cuts made 
in the dorsal and lateral portions of the 
third abdominal segment did not prevent 
the onset of immediate action following 
application of pyrethrum to the abdomen. 
Whether not the nerve was 
severed, large doses resulted in the death 
of the insects. The majority of untreated 
roaches with the nerve cord severed re- 
mained alive and active at least 4 days. 
INTEGUMENTARY SeCRETIONS.—-It has 
been found that the surface of roaches is 
covered by an oil-like film (Dusham 1918; 
Ramsay 1935; Shaefer 1940). The writer 
noted that it occurs in sufficient quantity 
to moisten particles of pyrethrum powder 
applied to the insect. Thus, the pyrethrins 
may be extracted from particles of powder 
and be enabled to diffuse to sensory end- 
ings. Pyrethrum is capable of causing 
paralysis without entering by way of the 


or cord 


mouth or the spiracles (O'Kane ef al. 
1933; Hockenyos 1936), and it has been 
demonstrated that penetration of the 


integument may occur through the tri- 
chogen and glandular hair cells of the 
epidermis (Wileoxon & Hartzell 1933; 
Klinger 1936). In the case of the German 
roach, penetration following pyrethrum 
application to the ventral surface of the 
body need not progress much deeper than 
the basement membrane to reach the 
nerve cord, No muscular layer intervenes 
between the epidermis and the nerve cord, 
and the ganglia rest close above the base- 
ment membrane, or are cushioned thereon 
by mats of adipose tissue. During excita- 
tion the ganglia are probably foreed 
against the body wall, and it would thus 
he possible for a small quantity of pyre- 
thrins that had diffused through the base- 
ment membrane to reach the ganglia 
directly or to be conducted to them by 
way of the adipose mats. In this connec- 
tion it should be pointed out that minute 
quantities of the toxic principles may dis- 
rupt or otherwise influence the conduction 
of the nerve impulse without causing dis- 
cernible lesions in the nerve cord. 
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TRACHEAL Prrvasion IN Muscunar 
Response. A droplet of pyrethrin solu- 
tion applied to the cut end of an isolated 
leg caused no response until the liquid 
began to creep up the main tracheal 
trunk. As it did this, the muscle fibers 
began to fibrillate and the leg contracted 
slowly. If, before the pyrethrin solution 
passed from one leg segment to the next, 
the two segments were cut apart, the same 
reaction could be elicited by placing the 
unaffected portion in a drop of the insecti- 
cide. Even the legs of roaches paralyzed 
for 24 hours with lethal doses of py- 
rethrum gave this sort of response when 
detached and placed in a pyrethrin solu- 
tion. 

An example of the type of record ob- 
tained with a pyrethrum activated iso- 
lated leg is shown in figure 1, F. The con- 
traction once initiated endured for the 
remainder of the record. The irregular 
slope of the contraction curve indicates 
that different sets of muscles were brought 
into play as the pyrethrum pervaded the 
tracheal system. Pyrethrum powder ap- 
plied to the cut end of the leg did not 
cause a response. 

By tying a light crank lever to the hind- 
gut and anchoring the head capsule after 
the entire intestine with the head attached 
had been drawn from the body of the 
roach, it was possible to record the re- 
actions of the isolated intestine. If the 
procedure was carried out rapidly, the 
mouth parts remained moving long 
enough to swallow insecticides applied to 
them. Pyrethrin solutions placed upon 
the exterior surface of the isolated intes- 
tine or swallowed did not bring about a 
change in the records of the contractions 
within the recorded interval. 

Thirty per cent nicotine, N-butyl car- 
bitol thiocyanate (Lethane 384), and a 
highly refined kerosene (Deo-Base) were 
compared with pyrethrin solutions by 
application to the isolated leg and intes- 
tine. Lethane 384 and Deo-Base caused no 
contraction in either case. Nicotine did 
not cause contraction of the isolated leg, 
but it did cause a marked prolonged con- 
traction of the isolated intestine (Fig. 1,E). 

Discussion.—-Typical pyrethrum rec- 
ords obtained with a kymograph at doses 
just sublethal varied according to whether 
the pyrethrum was applied as an extract 
in oil solution or as a powder. If applied as 
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a solution, dose, concentration and vis 
cosity influenced the amplitude, fre 
quency and distribution of the spikes. If 
aplied as a powder, the quantity was not 
as influential as the location of the parti- 
cles on the body of the insect. These 
results indicate that variations in the ree- 
ords were largely dependent upon differ- 
ences in the rate of spread and penetration 
of the insecticide. 

The larger the dose in liquid applica- 
tions the greater was the initial as well as 
the ultimate area covered by the insecti- 
cide, and the greater was the quantity of 
liquid available for penetration. The 
higher the concentration, the greater was 
the radial distance over which effective 
concentrations of the toxic principles 
might diffuse. On the other hand, greatly 
increasing the viscosity of the insecticide 
tended to reduce the spread and conse 
quently the immediate effect of the toxic 
principles. Applying pyrethrum in dust 
form was equivalent in effect to applying 
a highly viscous pyrethrum concentrate. 

The reactions to pyrethrum appear to 
be reflex responses following stimulation 
of the sensory endings, since even insects 
the bodies of which were completely 
severed between the and meta- 
thoracic junction responded to the insect 
cide with rapid leg jerks. In the case of 
small doses, 0.06 mml. or less, the quan 
tity of liquid applied to the abdominal 
sclerites was so small that only a few 
sensory cells were stimulated, resulting 
in a record indistinguishable from that of 
the untreated insect. All doses above the 
threshold-activation dose brought about 
an initial intense jerking because they 
covered a larger area of the integument 
and stimulated a great many 
units. The sharp decrease in amplitude of 
the spikes following the initial activation 
was probably due to fatigue. 

The ability of the sensory cells to origi- 
nate impulses or of their fibers to conduct 
temporarily impaired. 


Mmeso- 


schSOry 


them is at least 
This is assumed from histological demon- 
strations of cellular disintegration in the 
nerve cord, the lowering in the ability of 
nerves to conduct impulses when acted 
upon by pyrethrum (Klinger 1936) and 
the lack of fatigue as reflected in the sub- 
maximal jerks during the second phase. 

The jerking of the leg during the second 
phase with doses just sublethal is believed 
to be due to the continued spread of the 
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toxicant over the integument and excita 
tion of previously unaffected SCHSOrS 
cells. 

The rate and extent of spread of oil 
applied to the tip of the abdomen are 
affected by the structural impedence of 
the overlapping segments. Sublethal doses 
seldom spread to the thorax, most of the 
liquid being trapped beneath the last 3 
integumental folds. The remainder trav- 
eled anteriorly along the sides between 
the dorsal and ventral sclerites, always 
creeping up rapidly beneath each lateral 
fold which it reached. If the dose was suffi 
ciently large, the fluid sometimes entered 
through the spiracles into the tracheae. 
llowever, observations with 
indicated that the oil did not 


very far into the large tracheal branches. 


dved oils 


penetrate 


In applications of lethal doses to the tip 
of the abdomen the insecticide is believed 
to have spread to the thorax in sufficient 
quantity to penetrate and affect the tho 
racic ganglia. This is thought to be the case 
because it was possible to destroy ic- 
chanically all the abdominal ganglia with 
out at once influencing the appendicular 
activity. 

The influence of upon 
activation could not be demonstrated 
unless the constant dose exceeded a cer 
tain minimum, somewhat less than 1.01 
mil. Below this dose, mecreasinyg the Con 
centration had little effeet within the 
recorded interval. This hay also be CX 
plained by assuming that it took the py 
rethrum reach the thoracic 
ganglia and cause changes in the behavior 
of the legs. 

The 20 per cent pyrethrin solution was 
so viscous that the liquid did not spread 
As the result, leg jerking 


record, 


concentration 


longer to 


very rapidly. 
continued for the duration of the 
In the case of the 31.8 per cent pyre thrin 
oleoresin, the viscosity was so great that 
the spread was probably limited to ab 
sorption of the pyrethrins into the integu 
mentary secretions and their subseque nf 
conduction over the body surface by 
diffusion. This proce ss would bye slow, eX 
plaining the fact that no activation was 
recorded during the 8-minute revolution 
of the drum. Given enough time, ¢.e., 24 
hours or more, the pyrethrins apparently 
reach the thoracic region and inactivate 
the hind legs. 

The activation records of the 
to pyrethrum powder are likewise influ 


re sponse 
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enced by the rate of absorption and pene 

tration to the sensory cells and by the 
number of sensory units stimulated in a 
given time. The quantity of pyrethrins 
extracted hy be much 
increased by applying more than a single 
laver of dust to the body, because of the 
limited quantity of pyrethrin extracting 
secretions on the integumentary surface. 
This may be of practical significance for 
it would appear to be more advisable to 
apply dusts im which each particle con 

tained pyrethrins rather than to apply a 
dust made by diluting a sample of ground 
}vrethrum flowers high in pyrethrin con- 
tent with a non-toxic diluent. The diluent 
would not only interfere with the primary 
distribution of the toxic particles over the 
but 
secretions and render them of no use to 
the spread of the toxicant removed from 
the pyrethrum particles. 

The observation that pyrethrin solu 
tions applied to the isolated leg did not 
cause thi until the 
licguicd entered the tracheal system indi- 
cates that this insecticide does not affect 
the leg-jerk response of intact roaches by 
penetration and direct contact with the 


the imsect cannot 


body would also absorb the hody 


muscles to contract 


muscles of the legs. 
Summary. By of kymograph 
recordings a study was made of the factors 


means 


influencing the appendicular reactions of 
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pyrethrum-treated German roaches. 

The results strongly suggest that excita- 
tion and paralysis of the German roach 
depend upon the rate of diffusion of the 
pyrethrins through integumentary secre- 
tions as influenced by the dose, concentra- 
tion and viscosity of the solution of the 
insecticide. 

The ventral surface of the roach is 
covered by an oily film which is present 
in sufficient quantity to moisten particles 
of pyrethrum powder applied to that 
area. In this manner the pyrethrins are 
enabled to diffuse from the particles and 
affect the insect. 

Pyrethrum affects the nervous system, 
since its activating effect upon the legs 
could be blocked by severing the nerve 
cord between the thorax and the point of 
application on the abdomen. This evi- 
dence is in accord with that of other in- 
vestigators who were able to demonstrate 
cellular degeneration in the ganglia and 
connectives of pyrethrum treated insects. 

The initial excitatory effect of pyre- 
thrum upon the German roach appears to 
be the result of the stimulation of succes- 
sive sensory endings in the integument. 
The time of onset of final paralysis ap- 
pears to depend upon the speed with 
which the pyrethrins are spread to the 
thorax and their subsequent inactivation 
of the thoracic ganglia.—8-7-42. 
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A Major Outbreak of the South- 
western Corn Borer in Kansas 


D. A. Wiisur, H. R. Bryson 
Rectnatp H. Painter 


and 


During the late summer of 1941 numerous reports 
were received at the Department of Entomology 
re garding a borer attacking corn in the sandy areas 
of the southwestern quarter of Kansas. The 
reported was identified by Carl Heinrich of the U.S 
National Museum as the southwestern corn bore r. 
Diatraea grandiosella Dvyar. This insect ck 
sembles the southern cornstalk borer, Diatraea 
l Grt., which occurs in southeastern Kansas 
The previous record of the southwestern corn borer 
in Kansas was in 1931 when it was found in Morton 
and Ste 
Bureau of Entonx 

The insect, apparently a“ 


insect 


wsely re 


ndoues 


vens Counties by 
ilogv and Plant Quar intine 
Vie 1ICco, had 


| nited States 


repre sentatives of t hye 


native of 


gradually extended its range into the 


so that by 19831 it had been found in the southeastern 
corner of Arizona, the southeastern two-thirds of 
New Mexico, most of the Panhandle and Big Bend 


Texas, about two-thirds of the Okla- 
indle and extended to the extreme south 
Kansas and the extreme south 
eastern « jlorado. An of the borer 
at this pe riod was published nl.s. D. A. Technical 
Bulletin No. 388 In this publicativ nit was pointed 
out that the insect was gradually extending its range 
to the north and to the east main corn 
growing sections of the United States and that each 
pene ral idvanee had take n place by 
lar intervals during favorable periods 

Such an advance occurred during the 
season which extended the 
Kansas 
farmers and others, the infestation in Kansas during 
the fall of 1941 include at 
counties in the southwestern quarter of the state 

With the exception of Ottawa County, 
ties lay west and south of McPherson ( 
marked the northeastern corner of the infested area 
Partially completed fall surveys of 1942 have re 
vealed infestation in 18 additional counties including 
two corn-growing counties on the Nebraska border. 
The insect has moved across the state in 2 
3) growing seasons. In one field of remnant stalks of 
the 1940 crop in Reno ounty, there holes 
typical of borer attack which indicated that a light 
infestation may occurred during that vear 
although no reports of an infestation had come to the 
Throughout the region 
ght sandy soils 


districts ot 
homa Pan! 
corner ot 

orner of Ce 


western 


account 


toward the 


spurts at irregu 
1941 growing 
distribution of the borer 


well into From reports of county agents, 


was found to least 29 
the se coun 


ounty which 


possibly 
were 
have 


attention of entomologists 
the infestation was greatest in the li 
where most of the corn is grown 

Food Plants and Injury se 
fined to corn though volunteer sorghums growing in 
heavy ily infested corn fields had as high as 54 per cent 
of the plants infested. No planted sorghum field was 
found with more than 4 per cent of the stalks in- 
fested. The sorghum varieties found infested in 
cluded Atlas, Kansas Orange and Standard Yellow 
Milo. No borers were found in Sudan grass growing 
in and near a heavily infested corn field. The type of 
injury to corn was much the same as that reported 


vere damage was con- 


Contribution No. 517 o !the Departn Entomology, 


‘ 
Kansas Agricultural Experiment Station. These investigations 
Hatch No. 9 and Purnell No. 164 


were supported by Projects 





NOTES 


States. In 


for southwestern United younger corn 
attacked by the first generation of borers, the most 
prominent evidence of infested plants was the injury 


to the upper leaves and to the curl. This leaf injury 
closely resembles that of the corn ear worm, differing 
in that the holes caused by the smaller, 
regular, and frequently progressively larger 
Although curl 
mally resulted 
planted corn, 


borers were 
more 
from the tip of the leaf to the base 
injury known as “dead heart 
following attack on late this 
condition was not as fre quent as previ rusly re ported 
from southwestern United States. Dwarfed 
ibundant in the late 


OCCUSITE 


borer 


ind mils 
shapen plants were planted 
corn 

\ prominent feature ol the 1941 fall infestation 
was the large number of girdled stalks which had 
broken over. Mature larvae 
f the usually girdle the 
interior of the stalks in preparation for winter. Each 
larva girdles the inside of the pom! ap 
proximate ly 5 to 12 inches above the of the 
soil. This not only makes harvesting a back-breaking 


either been se vered or 
overwintering generation 
stalk at 
suriace 
procedure, but also results in dirty, moldy and ger 


minated corn and provides an 


damage by rodents 


j 
Seasonal ¢ 


opportunity for 


Habits The insect was ob 
served to winter as a mature larva in the base of 
the stalk, usually in the base of the stalk. The over 
wintering larvae differed from all other larval in 
stars during the in that they lost tl 
ish-black spots which had t « 
sides and back of the thorax and abdomen 
late fall there 
three per cent of the stalks. During the overw 
period, however, there was but one borer ir 


ycle and 


e brown 
ver the 
Im the 
about 
ntering 


a“ stalk, 


season 


been presei 


were two borers present in 


found be low the surface of the soil 


The data in table 1 were obtained from series 
of experiments located in infested fields in Pawnee, 
Rice, Kingman and Reno Counties, in order to deter 
mine the survival of overwintering larvae under 


varving conditions. The experiments re started 
in the first week of December, 1941, and stubble 
examined March 30 to April 2, 1942 


Table 1.—Treatment and survival of borers in 
stalks. 





Stalk j , 
Ks t 6 h 
r but not ec T . 
Pot talksex 
bk ‘ 
Bor j 
“talk * 
Stalks t wnt " 
placing t 
Potal stalk st 
Borer 
Bore ‘ 
Stalks p ‘ 
stalks } 
Total s 
Be sa 4 
Bor j 4 t 
Stalk n 





Most of the stubble 
uncovered in a horizontal 
of the though 
covered and lay at an angle 


thrown out by the lister lay 


position on the surface 


stalks were practi ally 


Listed corn generally 


soil, SOE 
retained a considerable mass of soil around the butts 
of each stalk which might afford some 
in the base of the stalk 


protection to 
Stubble tilled 


the larva 
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with the oneway was uprooted and left horizontally 
on the surface and the stalks were frequently crushed 
or split, the bases broken off and the mass of soil 
about the root removed. Additional experiments on 
winter treatment of stubble are required for conclu 
sive evidence experiments 
conducted in areas where the survival of the borers 
in untreated stalks was likewise low 

\ survey conducted May 19, revealed that 33 per 
cent of the larvae in one field survived the winter 
and many of these were still in the base of the stalk 
where they had spent the winter, but a few had 
moved upward a short distance in the stalk. Forty- 
five per cent of the infested stalks contained the re- 
mains of dead larvae. No trace of the remains of the 
larvae could be found in 22 per cent of the infested 
stalks 

Phe pupation of the overwintering larvae occurred 
10 and June 15, 1942. A survey of 
some fields in the infested area one month later July 
16) showed 33 per cent of the stalks infested. All of 
these larvae were spotted and were located in the 
curl of the corn plants 

\ summary of the observations and counts of in- 
fested plants in 31 fields on July 23 showed that prac- 


since the above were 


between June 


tically all of the larvae had enter d and were boring 
in the stalks. None was found in the curl, but some 
were taken beetween the leaf sheath and the stalks 
Stalks containing two to four borers were quite 
common in many infested fields 

The results of this survey indicated that although 
the early planted corn in many instances carried a 
heavy population of borers, it appeared to be far 
enough along in maturity to withstand the feeding 
of the injury The greatest 
injury occurred in the late planted corn. In one field 
containing a mixture of early and late planted corn 
although the early 
planting showed relatively little injury In addition 
to the in ury to the late planting caused by the 
borers of the first generation, this planting was later 
subject to the attacks of the se cond generation 
a moth had 
time of this survey 


bore rs without severe 


both plantings were infested, 


One empty pupal case, from which 
emerged, was found at the 
Many of the pupae were 
since pupae collected 
brought to the laboratory 
of the 
would pupate within a few days 


almost readv to emerge 
in the field, July 23 and 
emerged July 26 Most 

in the last instar and 
Ihe pe ak of emer 
gence of the moths was expected in early August 
Thus by the time the eggs for the second generation 
would been deposited, the early planting of 
corn would be almost mature 

By Septembe r 15 the larvae of the second genera 
tion were from two-thirds mature to fully mature. 
Also at this time a series of first and second instar 
larvae were found, indicating that a partial third 
generation occurs in Kansas. On those corn varieties 
stalks and leaves had matured and 
located on the buds at 


only remaining succulent 


lary ac obse rve d were 


have 


in which the 
dried, the tiny larvae 
the axils of the leaves, the 
parts of the plant 

\ noticeable feature of the larval actis ity during 
September was the extensive infestation in ears and 


were 


shanks. Cobs were penetrated for their entire length 
in some cases and many shanks were nearly severed. 

In mid-September comparatively few of the stalks 
had vet been girdled and only an oce isional stalk 
had fallen. In the heavily infested fields the 
fallen stalks will seriously handicap the 
process 

CONTRO! The 


more 


harvesting 


data obtained and the observa 


tions made concerning the distribution, behavior, 
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« 


biology and seasonal development of the south- 
western corn borer in Kansas from the fall of 1941 to 
mid-September 1942, indicate that the following 
practices would aid in the control of the borer: 

1. Plant corn, in areas likely to be infested, as 
early as is consistent with sound argonomic prac- 
tices. 

2. Throw out the infested stalks and stubble by 
means of a oneway or lister to expose the larvae to 
the rigors of winter. This practice can only be fol- 
lowed where the soil can be worked without danger 
from blowing. 

3. Replace corn with sorghums where practical.— 
10-2-42. 


Cube and Nicotine in the Control of 
Phyllotreta vittata discedens Weise’ 


M. J. Janes, Texas, Agricultural 
Experiment Station 


Cube dust proved highly effective in the control 
of adult flea beetles, Phyllotreta vittata discedens 
Weise, in experiments conducted by the Texas 
(gricultural Experiment Station at Alta Loma, 
Texas, during 1938, 1989, and 1940 (Janes 1941). 
Tests were made at the same locality during 1941 
and 1942, in which cube spray and nicotine dust 
was each compared with cube dust in controlling 
these insects on mustard. The data are presented 
in tables 1 and 2. 

The 1941 experiment was conducted during May 
and June. A cube-sulphur dusted plat, a cube 
sprayed plat, a nicotine-gypsum dusted plat, and 
an untreated check was each replicated 5 times in 
randomized blocks, making a total of 20 plats. 
Each plat was one-fortieth acre, containing 7 rows 
52.8 feet long. The cube dust was composed of cube 
powder and 325-mesh conditioned dusting sulphur 
and contained 0.5 per cent rotenone in the finished 
material. The cube spray was composed of cube 
powder and water and contained approximately 
0.025 per cent rotenone in the finished product. The 
nicotine dust was composed of a proprietary brand 
of concentrated nicotine dust and dusting gypsum 
and contained 1.5 per cent nicotine in the finished 
insecticide. The first dust application was made at 
the rate of 25 pounds per acre per application, and 
3 subsequent applications were made at 30 pounds. 
The first spray application was made at the rate of 
100 gallons per acre per application, and 3 subse- 
quent applications were made at the rate of 112 
gallons. Applications were made early in the morn- 
ing, beginning as soon as it was light enough to see 
clearly. 

The 1942 experiment was conducted in June and 
July and was the same as that of the preceding year 
except for a few details. In the case of the nicotine 
dust the concentration was increased to 3 per cent 
nicotine in the finished insecticide. The diluent for 
both the cube dust and the nicotine dust consisted 
of a proprietary material, the mineral name of which 
is given as pyrophyllite. The rotenone content of 
the finished cube dust and spray remained the same, 
0.5 per cent and 0.025 per cent, respectively. The 
plat size and replications were the same. Four ap- 
plications of each insecticide were made, the dusts 
at the rate of 30 pounds per acre per application, and 
the spray at 100 gallons per acre per application. 
The infestation of beetles was lower in 1942 than 
during the previous year, possibly as a result of 
frequent rains. 


! Technical Contribution No. 757. 
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Table 1.—The average number of holes (flea beetle injury) per square inch of mustard leaf 








surface. 
UNTREATED Nicotine Dust Cuse Dust (CUBE SPRAY 
BLock 1941 1942 1941 1942 1941 1942 194] 1942 
l 21.6 >.2 14.1 2.0 1.5 2.6 ) 1.4 
2 6.6 2.9 5.2 De 1.2 1.4 6 1.0 
; &.$ 1.7 Za 1.4 1.6 1.6 J Ss 
4 10.05 1.9 >.6 1.0 = 9 1.0 S 
5 11.2 3.38 +.0 2.7 Ss 1.8 Ss '.2 
Ave 11.0 >. 1 ».9 1.7 1.2 cua 7 1.1 
Ave both years 7 l , l + be] 





Plats were in randomized arrangement i 


field; systematically arranged 


in table for convenience. 100 


square inches examined in each plat in 1941; 200 in 1942 


Table 2.—Analysis of variance of flea beetle injury using data presented in table 1. 





COMBINED AN 





SOURCE 0} Source of Mean 
VARIATION DI 1941 1942 Variation DI Square 
Total 19 31.68 1.2 Potal 9 IS. 11 
Blocks t 29.58 1.97 Blocks S is 75 
Treatments } 116.68 ». 76 freatments ; 79.48 
Error 12 11.16 or) Year | S00. O4 
lreatment * Year 1 96 
Error 24 5.76 
* Highly significant 
The difference betwee zg s as follows: 1941. 4.60; 1942. .S 


On the basis of injury per unit area of plant sur- 
face as determined by the number of holes per square 
inch at maturity, the variation produced by differ 
ences in treatments was highly significant for each 
year and for the combined analysis. In all cases there 
was significantly less damage in each of the insecti- 
cide treated series of plats than in the untreated 
check; there was no significant difference between 
the condition of the plants in the cube dusted plats 
and the cube sprayed plats Each of the latter how 
ever gave significantly better control than the nico- 
tine dust during !941, when the concentration of 
nicotine was 1.5 per cent, and in the combined 
analy sis. However, during 1942, when the nicotine 
content was 3 per cent ther significant 
difference between any of the insecticide treatments 

The results of these experiments indicate that a 


was no 


spray composed of cube powder and water is equally 
as effective as a cube dust in controlling the flea 
beetle, Phyllotreta vittata discedens Weise. Nicotine 
dust also effective and gave comparatively 
better control when used at a concentration of 8 per 
cent than used at a lower 
10-21-42 


was 


when concentration 
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The European Corn Borer in Iowa 
H M Harris and J M Bris 
imes, lowa 


DLEY, 


lowa is the greatest corn-raising area in the 


world, devoting more than ten million of its fertile 


acres to this commodity 
total yield than any other state 
The spread of Pyrausta nubilalis into the 
mediately east of the Mississippi river | 
been watched with interest and alarm by the peopl 
of Iowa. Because of the marked 
range of this prime corn pest reported heretofore 
in Illinois and Wisconsin and the favorable and al 
most ideal conditions for its multiplication in 1942 
it seemed not unlikely that the borer might be pres 
ent in lowa. The writers undertook a scouting proj 
ect sponsored by the Iowa De partment of Agricul 
day in the field, August 10), 
ind an adult male 


ind producing i greater 
rtoremgn nation 
states im 


= the re fore 


increase im the 


ture and on the first 
took a mature larva, two pupae, 
moth, at se parate points in a fie ld in Clinton Counts 
area and in the counties 


10 day 


Scouting continued in that 
adjacent to Clinton for a period of 
another infested plant was found 
field scarcely more than a mile from the site of the 
August 21 we 


s bye tore 


rhis Was Il t 


original discovery On were joined 


by ( J Drake and (,. ( Dee ke - ind an ther 
infested plant containing a relatively small, early- 
instar larva was taken in this second field, and se, 


eral infested plants were found in the field where the 
initial discovery had been made though adjoining 
fields yielded none. It now appeared that in Clinton 
vwds in a two 
south, 


and 


County we were literally between br 
brooded infestation and that scouting to the 
where the larvae presumably would be larget 
evidences of their presence therefore more noticeable 
might be more fruitful. Apparently this actually was 
for later that dav two were 
found to the south in Seott ¢ yn the fol 
lowing day the pest was taken in Des Moines and 
Lee Counties Subsequent work in August and the 
first week of September brought the total counties in 


the case infestations 


sounty ind 


which infestations were found to 19; namely: Clay 
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ton, Dubuque, Linn, Jones, Jackson, Johnson, 
Clinton, Cedar, Scott, Muscatine, Washington, 
Keokuk, Louisa, Wapello, Jefferson, Henry, Des 
Moines, Van Buren, and Lee. 

Counties adjoining all these known infested ones 
to the west were scouted but no borers were found 
in them. During the first week of September it was 
not difficult to find numerous infested plants in 
fields where careful work three weeks earlier had 
yielded none or at most only one or two larvae. On 
September 19, Dr. G. C. Decker and Dr. H. Gun- 
derson scouted a field in Clinton County in which 
they estimate that 10 per cent of the stalks showed 
conspicuous evidences of borer infestation. The fact 
that this same farm was scouted by Decker, Drake 
and the writers on August 21 without the discovery 
of a single infested plant may be taken in part as 
evidence of the marked increase of extent and degree 
of infestation of the second brood larvae over the 
first brood. All indications are that 1942 has been 
extremely favorable for the corn borer in Iowa 
9-50-42 


A Preliminary Report of a Critical 
Examination of the Roots of Derris 

elliptica 
Guntuer and F. M. Turreny, University 
of ¢ alifornia (ifrus I rperime nt Station, 


, 
Riverside 


F.A 


\ number of foreign workers have examined the 
rotenone-containing roots of Derris spp. in attempts 
to locate the cells in which rotenone and its con- 
geners are elaborated, but their reports conflict as 
reyards rotenone in situ For example, it was re- 
ported that occurred both in morpho- 
logically distinct cells (Worsley 1939) and in normal 
cells which are  unspecialized morphologically 


Worsley & Nutman, 1937 Also, Worsley & Nut- 


rotenone 


man (1987) found that starch and rotenone do not 
occur in the same cell, whereas Van der Laan (1986 
found that the rotenone-containing cells are often 


Other workers, notably Goodhue & 
tentatively the 


rich in starch 
Haller (1939), 
preparation and properties of aqueous extracts of 
Derris 


Since 


have investigated 
spp. for special uses such as in insect baits 
water extracts of these roots have long been 
known as fish poisons and insecticides, it was felt 
that a study of the histology and chemical constitu- 
ents of derris roots would be of value in the prepara- 
tion of insecticides, germicides, and fungicides. 

rhis report? is offered only as an abridged sum- 
mary of the findings pertinent to entomology 

All of the following work was carried out on air- 
dried derris root and confirmed with identical ex 
periments upon fresh Derris elli; fica roots, secured 
through the courtesy of R. C. Roark and B. \ 
Morrison of the United States Department of Agri- 
culture. The results are presented brie fly as follows 

1. Location of the Cells 
Rotenone was found present as discrete globules of 


Rote none-containing 


rotenone-containing resin in parenchyma cells in 
pith, medullary rays, and irregularly dispersed 
groups of cells in the cortex and bark. No rotenone 


Phis work is part of a research progr de possible | 
i grant from the Irvington Varnish and Insulator Compat 
the University of California Citrus Experiment Station 

Detailed manuscript in preparation, to be submitted t 
lransactions of the American Microscopical Society under t} 
title “The Location of Rotenone in Derris Root,” 
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was found in the co-k of the bark, or in the vessels or 
fibers, either in the wood or in the bast. These find- 
ings were checked by means of two standard sub- 
micro analytical methods for rotenone and deguelin. 

2. Location of the Starch-containing Cells.—By 
means of a standard iodine-potassium iodide re- 
agent, starch was shown to be present everywhere 
except in the vessels, fibers, pith and bark, although 
some cells exhibited starch in certain isolated regions 
of the pith and bark. Certain parenchyma cells in 
the pith and in rings around the pith were completely 
free from starch. It was shown also that rotenone 
may or may not be present in cells whick do not con- 
tain starch, but rotenone does not occur in cells 
containing starch. 

3. Location of the Tannin-containing Cells.—It 
was shown that numerous tannin bodies or bodies 
containing tannin-like substances occur in the outer 
layer of bark, but that these tannins are not ap- 
preciably water-soluble in fresh roots. It is postu- 
lated that gallotannin is one of those tannins to be 
found in Derris elliptica. 

+. Nature of the Resin Bodies.—Aqueous extracts 
of Derris elliptica owe their milky appearance to the 
presence of discrete particles of starch and of whole 
derris resin. The larger particles, ranging in size 
from 7u to 38u in diameter, are starch granules; the 
smaller particles, ranging in size from 0.77u to 
3.85 in diameter, are granules of whole derris resin. 
This statement is supported by chemical analyses 
and comparisons of physical properties in macro. 

5. Sugars and Other Reducing Substances.—By 
utilizing the osazone reactions, it was shown that 
aqueous extracts of Derris elliptica contain fructose 
levulose), glucose, saccharose (hydrolyzed by experi- 
mental treatment), and xylose. 

6. Saponin-like Substances.—Various _ physical 
properties of aqueous extracts of Derris elliptica, 
such as the ability to form colloidal solutions which 
foam on shaking, bitter taste, causing of sneezing, 
and their non-alkaline reaction, indicated that there 
are large quantities of saponin-like substances in 
the root. Hemolyzing saponins were found in quan- 
tities which warrant further biological and chemical 
study. 

The fact that rotenone is found in discrete water- 
insoluble particles in the plant cells and is dispersed 
in water to a very low concentration when derris 
root is macerated, suggests that the effectiveness of 
derris roots as fish poisons as used by various 
aborigines may not be due to the rotenone content 
alone but to accompanying substances, such as 
saponins. Critical examination of the literature sug- 
gests that more work should be done on the saponin 
materials present in Derris spp.—9-21-42. 
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Seasonal Insect Food of the 
Brown-shouldered Uta 
(Lizard) 


G. F. Know.iton, W. Don FronK and D. R 
Mappock, Utah Agricultural Experi- 
ment Station, Logan 


The following report deals with recognizable 
insect food contained in 2,798 stomachs (including 
material in approximately 450 of the intestines) of 
the small brown shouldered Uta, Uta stansburiana 
stansburiana (Baird and Girard). "ese lizards all 
were collected on semi-desert breeding areas of the 
beet leafhopper, Futettir tenellus (Baker), or near to 
plants which serve as hosts of this virus disease 
transmitting The area 
study is restricted to the eastern half of Tooele 
County, Utah, extending only as far south as Orr's 
Ranch which is 18 miles south of losepa. Lizards 
were collected each season from 19382 to 1941, in- 
clusive. Approximately 10 per cent of the lizards 
were collected from March through June; 22 per 
cent in July and August, and 68 per cent during 
September and October 

With the advance of each season many of the an- 
nual beet Ie afhoppe r host plants dried up, re sulting 
in the leafhoppers concentrating upon the decreasing 
number of still succulent Russian-thistle, Salsola 
pestifer. From about mid-July until fall frosts de- 
stroyed the last of these plant hosts, lizards would 
move to a position beneath the more heavily infested 
plants. Sometimes these lizards congregated in 
populations estimated at 200 to 700 lizards per acre 
during September and October, in patches of heavily 
infested Russian-thistle. Such plants also were at- 
j 


Geocoris decoratus 


insect covered by this 


tractive to Nysius ericae Sch., 
Uhl. and many other insects 

Eutettiz tenellus was found to be present in stom- 
achs of lizards collected each month, from March 
through October. Of the 2,798 Uta stomachs exam 
ined, 546 contained one or more adult tenellus, 210 
held only nymphs, and 707 stomachs held both adult 
and nymphal beet leafhoppers. Thus of the 2,798 
lizards collected, 1,463, or 52.8 per cent, had recently 
eaten E. tenellus. The beet leafhopper 
content was 10.27 recognizable tenellus per stomach, 
for the 1,463 stomachs containing F. tenellus. The 
total number of beet leafhoppers found in the lizard 
stomachs by month, for the ten year period covered 
by this study is shown in table 1 

Insects contained in lizards collected 


Mare h l 
through June 30 are shown in table 2. These includ 


average 


Table I.—Monthly total of Eutettix tenellus 
(Baker) found in Uta stansburiana stansburiana 
(B.-G.) stomachs, 1932 to 1941, inclusive. 





Montu ApULT NYMPHS Torat 
March 3 0 7 
April l 0 l 
May 3 0 8 
June 19 8 27 
July 121 31 152 
August 593 363 956 
September 4.095 + 692 8 787 
October 554 >. 761 £315 
Totals 5,389 8,855 14.244 
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12 adult and 479 young grasshoppers; 8 Lygus elisus 
Van D., L. hesperus Knt. and 172 Nysius ericae; 34 
Eutettix tenellus and 23 other leafhoppers; 6 of the 
Coleoptera were larvae; 265 were lepidopterous cater 
pillars; 31 dipterous larvae; 51 were ants. Also found 
were 67 spiders and mites. In addition, there were 
10 parasitic roundworms and a few plant fragments 
in the stomachs 


Table 2.—Insects recognizable to order in 
2,798 Uta stansburiana stansburiana (B.-G.) 
stomachs March-June figures are based on 10 
per cent of the total sample: July-August on 22 
per cent: September—October on 68 per cent. 





Marcu JULY SEPTEMBER 
INSECT THrouGnu AND AND 

ORDER JUNI \ucust OcTroRER 
Physanura 0 ; 7 
Collembola l 252 205 
Orthopte ra 195 255 148 
Isopte ra 0 0 sO 
Neuroptera } 10 59 
Ephemerida 0 0 | 
Odonata l 10 85 
Thysanoptera 0 ) 63 
Hemiptera 509 1,037 7,141 
Homoptera 2 1,155 14,659 
( oleoptera SY 215 709 
Trichoptera 0 it $1 
Lepidopt« ra 280) 7) 773 
Diptera 87 9 1,420 
Hymenoptera 125 387 2 625 
Total insects 1.651 S 636 28 O18 





Stomachs from lizards collected during July and 
August held: 177 adult and 73 nymphal grasshoppers 


also 43 grasshopper eggs, likely from partially 
digested adult female abdomens): 4 Ne uroptera were 
larvae; of Odonata, damsel flies were most com- 


monly found; 21 Lygus, chiefly L. elisus and I 
hesperus adults and nymphs and 214 Nysius ericae 
1108 Kutettix tenellus besides 15 other | afhoppers 
and 2 aphids; 48 of the Coleoptera were larvae; 50 
larval Lepidoptera and 1 a pupa 

Also present were 


$3 Diptera were 
larvae; 366 ants 162 other Ar 
thropoda, 156 being spice rs and mites, 1 tick, 4 
scorpions and 1 sow bug. Two parasiti roundworms 
and parts of 3 lizard skins were also found 

Fall collected stomachs taken during ptember 
and October, W he n lizards ene rally 
dant among F. tenellus host plants and were most 
easily collected Table “4 contained 
133 grasshoppers, 111 being adult and 22 nymphs; 
24 larval Neuroptera; of Hemiptera 137 were Lyqus, 
mostly elisus and he ¥perus, and 548 Nysius ericae: of 
14,659 Homoptera, 4,649 adult and 8,453 
nymphal Eutettiz tenellus, besides 310 other leaf- 
hoppers and 1,169 aphids; 164 Coleoptera larvae; 
$16 Lepidoptera larvae (also 55 eggs): 459 dipterous 
larvae, and 6 papae; 1,809 ants Also 465 other 
(Arthropoda, of which 456 were spiders and mites 
2 ticks, 
pions, 3 scorpions and 2 sow bugs 

Many stomachs contained numerous insect frag 
ments which were not identified. Also many held 
sand and small pebbles, evidently swallowed when 
the lizards procured arthropod prey. Rel itively few 
stomachs contained plant fragments 


were most abun- 


shown in 


were 


besides 1 spider egy mass), 2 ps udoscor- 
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Some Parasites of Heliothis armigera 
(Hbn.) in Texas 
lk. Fk. Bippy,? Smithville, Mi 


Some dipterous and hymenopterous parasites are 
recorded be low which were bred from or obse rved 
attacking [Heliothis armigera (Hbn.) in Texas, along 
with a few biological notes for most of the species 
that are included Some of the specime nhs of iH. 
armigera from which the parasites were bred or 
observed were from cotton, some were from corn, 
some from sorghum, some from alfalfa, some from 
potato, and some from bean. Unless indicated other- 
wise, the collecting and rearing were done at College 
Station in 1929 by the writer. The records made were 
incidental to pertaining to 
other phase sof I. ar migera, as a pest of cotton, and 
are by no trie ins considered complete The A do, how- 
ever, include one or more parasites evidently not pre- 
viously recorded as parasitic on H. armigera and one 
about which they had previously been some doubt 
Park 
One specimen was reared from a dead last instar 
larva oft Heliothis 


ment box used as a container for live 


mostly investigations 


SARCOPHAGIDAL Sarcophaga latisterna 
armigera found in a closed oint- 
larvae. When 
the dead larva was first noticed, May 23, it was re- 
moved to a shell vial containing moist building sand 
and the vial was stoppered with cellulo-cotton. On 
June 5, a maggot issued from the dead and putrid 
cute rpillar and entered the sand. Twelve days later, 
June 17, a live adult of Sarcophaga latisterna and its 
empty puparium were found in the vial. The notes 
indicated that this sarcophagid was truly parasitic, 
and a published record by Phillips & King (1923 
corroborates this instance. 
Wilk 
sociated with dead larvae of Heliothis armigera than 
Records indicated that this 
sarcophagid was playing the role of a true parasite 
and not that of a scavenger as ts often its habit. This 
species, howe ver, had bee nm re corde d by Aldrich 
1916) as a parasite ot lepidopte rous larvae and by 
QQuaintance & 1905) under the 
Helicolia helicis Towns. as a doubtful parasite of 
the bollworm ( //eliothis armigera 

In the instances of parasitism observed, the larvae 


Sarcophaga rapa. was more commonly as- 


any ot her dipte ron 


srues name of 


were usually killed by the maggots before the cater- 
pillars reached the last instar, but in some examples 
thev were full-grown before they succumbed to the 
attack of the maggots, and in two instances death 
did not occur until after pupation. Adults of Sar- 
cophaga issued from parasitized larvae of 
Heliothis armigera from time to time from June 18 
to July 16, often 5 or more from a single caterpillar. 
No doubt) parasitism 
later than recorded 
Hypopelta scrofa Ald. One specimem of this sar- 
cophagid was bred from a last instar larva of Helio- 
this armigera collected on potato, April 19. The cater- 
pillar was suspected of being parasitized because an 


ra pad 


began earlier and extended 


egg resembling that of a tachinid was seen attached 
to it. Consequently, the larva bearing the eg: was 
put in a vial containing some moist sand for observa 

tion. The cate rpillar soon entered the sand, and daily 


observations were made for almost a month with 


Published as Technical Contribution No. 750 of the Tex 
Agr. Exp. Sta. of A. & M. College, College Statior Texas, by 
“ h the writer was employed during the period of the invest 
gations 

M Valorie J. Tr ble assisted prepa I it 
manus pt 

H. J. Rei rd Pex. Agr. Exp. 5 A. & M. College 
College Station, Texa identified 1 Day neluded u it 
r ads 
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nothing emerging. Then the vial was emptied, and a 
pupal case of Heliothis armigera containing a maggot 
was found in the sand, though not that of a tachinid 
but of a sarcophagid instead. The material was then 
restored to the vial, and after further daily observa- 
tions an adult Hypopelta scrofa emerged, June 2. 
Possibly there are other records of this sarcophagid 
as a parasite, but none has been found in the litera- 
ture available 

TACHINIDAE.—Archytas piliventris (V. d. W.). 
Five specimens issuing from pupae of Heliothis 
armigera were reared in 1929 as follows: 1 at College 
Station, May 6; 2, Taylor, June 8 and 14 (J. C. 
Gaines, Jr.); 1, Spur, July 7 (C. J. Todd); and 1. 
McKinney, September 1 (J. N. Roney). 

Achaetonura frenchii (Will.). One specimen of this 
species, emerging June 5, 1929, was bred from a 
larva of the moth at Taylor (J. C. Gaines, Jr.). 

Achaetonura archippivora (Will.). One specimen 
emerged from a pupa at Spur, October 8, 1928 
(C. J. Todd). 

Anetia armigera (Coq.). Specimens of this tachinid 
emerged from pupae of the bollworm at College 
Station, September 15, 1930 and November 5, 1935 

R. K. Fletcher). 

Beruy.ipar.*—Perisierola cellularis (Say). Two 
specimens of this parasite were seen attacking second 
instar larvae of Heliothis armigera in Burleson Coun- 
ty, July 24 and 31, by R. W. Moreland and the 
writer. Each of the 2 specimens was dragging a larva 
that was probably paralyzed. In each instance an 
attempt was made to rear parasites from the cater- 
pillar, but none emerged. 

BRACONIDAE.—Microbracon mellitor (Say). In two 
instances this braconid was bred in September 1929 
from larvae at McKinney (J. N. Roney). 

Microplitis croceipes (Cress.). Of 836 larvae of 
Heliothis armigera collected at random near Spur 
from June to October 1929, on corn, sorghum, and 
beans, 84 were parasitized by this hymenopteron 
C. J. Todd). 

Monogonogastra rugator (Say). Two specimens 
emerging in September 1929 were bred from larvae 
collected at McKinney (J. N. Roney). 

Zele melleus (Cress.). One specimen of this bra- 
conid issued from a larva of the bollworm in Sep- 
tember 1929 at McKinney (J. N. Roney). 

Diaprupar.—Belyta sp. One specimen of this 
parasite collected August 27, 1929 at McKinney was 
seen flying from one to another immature larvae of 
bollworms that were a few inches apart on a cotton 
plant. The observer tagged the plant and returned 
to it the next day, but in vain, for the caterpillars 
had disappeared (J. N. Roney). 

Evvopuipar.—Euplectrus comstocki Howard, a 
gregarious ectoparasite, was observed as early as 
April 18, when a live third or fourth instar larva of 
Heliothis armigera was taken on potato. The cater- 
pillar bore a small cluster of greenish grubs on its 
back. A total of 12 adult A. comstocki issued from the 
remains of the caterpillar from April 27 to 29. An- 
other parasitized larva collected April 25 yielded 7 
adult FE. comstocki, May 7. Adults of the same para- 
site emerged May 1 from a larva of Prodenia sp. 
taken on potato, April 19. 

ICHNEUMONIDAE.—Neopristomerus appalachianus 
var. dorsocastaneus Vier. One specimen of this 
ichneumonid cmerged at McKinney in September 
1929 from a larva of Heliothis armigera. 


‘R. A. Cushman and A. B. Gahan of the Bureau of Ento- 
mology and Plant Quarantine, Washington, D. C. identified all 
Hymenoptera included in the rec ords. 
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Sagaritis provancheri DD T ~a solitary endopara 
site, sometimes quite effective in controlling La 
phygma frugiperda A. & S. according to Vickery 
(1929), was bred from larvae of Heliothis armigera 
collected from alfalfa, April 27. Four adults emerged, 
1 on each of the following dates May +, 6, 7 and 8. 
The first three had formed cocoons and attached 
them near a dead caterpillar (//. armigera) before 
they were collected. The last to emerge was from a 
caterpillar (#71. armigera) which was alive but 
entirely inactive and apparently paralyzed when it 
was collected 

SCELIONIDAE 
egg parasite, was rare as a parasite of [Heliothi 


Telenomus heliothidis Ashm., an 


migera, though a few specimens were bred from eggs 
of H. armigera taken from corn at Taylor in 1929 
J. C. Gaines, Jr 
TRICHOGRAMMATIDAE 
Riley emerged from eggs of Heliothis ar migera from 
both corn and cotton in several sections of the state 
In fact, artificial introduction of trichogramma was 


Trichogramm 1 minutum 


Vickery, R. A. 1929. Studies on the fall army 
worm in the gulf coast district of Texas 
I » Dept. Ayr Tee h Bul 138: 14-9 

Fletcher, R. K. 1933. Experiments in the control 
of the corn earworm, Jleliothis obsoleta 
Fabr.), with Trichogrami 
Riley. Jour. Econ. Env. 26(5): 978-82. 


minutum 


Effects of High Temperature on 
Several Household and Storage 
Grain Pests 
KE. E. Kenaca and F. W. Fiercurr, Biochemica 

Research Laboratory, The Do ( he 

( ompan 4, Midi ind, V cl yan 
It is well known that insects are able to continue 
their life activities over a considerable rat ge ot tem 


perature. It is also true that various species react 
differently under a given set of temperature condi 


tested for the control of the corn earworm by tions. An interesting example of the effects of a 
Fletcher (1933 7-24-42 relatively high temperature on various test insects 
was noted in our laboratory. The temperature was 
LITERATURE CITED increased from a normal of 80° F. to 105° F. over a 
period of 64 hours. The relative humidity, which is 
Phillips, W. J., and Kenneth M. King. 1923. The normally about 55 per cent, dropped during this 
corn earworm: its ravages on field corn period to approximately 40 per cent. At that time 
and suggestions for control. U. S. De pt 17 different species of household, stored product, and | 
Agr Farmers’ Bul. 1310: 12 various other laboratory test imsects were being 
Aldrich, J. M. 1916. Sarcophaga and _ allies reared in the laboratory. Table 1 illustrates the ap 
Thomas Say Foundation: p. 161 proximate mortality and other effects that occurred 
Quaintance, A. L., and C. T. Brues. 1905. The 
cotton bollworm, U. S. Dept. Agr. Bu 
Ent. Bul. 50: 127 atory 


in these species when exposed to the ibove variations 
in temperature and relative humidity in the labor 


10-14-42 


Table 1.—Effects of a temperature change from 80 ,to 105° F. on laboratory test insects. 





Per Cent Morrauiry 
(APPROXIMATE 


Immature 


INSECT Egg Stages Adult REMARKS 

Blattella germanica L 0 0 0 All stages unaffected 

Periplaneta americana Fab 1 99 Ist and 2nd instars active, larger instars mori 
bund. The larger the insect the greater the I 
mortality | 

Troctes divinatoria Miill 0 0 All stages apparently unaffected. No counts 
made 

Cimerx lectularius L 0-? Q-? 0? Same as 7. dirinatoria. 

Oncopelles fasciatus Dall 20) 0) St) All stages desiccated. Eggs hatched 3 davs 
early 

Attagenus piceus Oliv. 50 0 The larger the larva the greater the mortality 


Cultures where crowding occurred showed a 


high per cent kill 


Trogoderma versicolor Creutz 70 90 Same as A. piceus 

Dermestes sp. 50 0 Larvae slightly dessicated 

Oryzaephilus surinamensis L 100 100 All stages killed 

Laemopholeus minutus Oliv 0 0 All stages unaffected 

Mylabrus sp. 0 0 All stages unaffected 

Sitophilus oryzae L 1 100 100 All stages killed 

Cynaeus angustus Lec 90 4) In the moist culture all stages were killed and in 
the dry culture only a few of the larvae were 
killed 

Tribolium confusum J. du \ 0 0 0 All stages unaffected 

Rhizopertha dominica Fab 0 0 0 All stages unaffected 

Tineola bisselliella Hummel 100 90 100 Only a few large larvae survived 


Ephestia kuehniella Zell. 100 100 100 All stages killed 
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A Two-season Light Trap Study of 


Mosquitoes in Colorado 


Mavrice T 
Colle ge, 


JAMIE s, f olorado State 
Fort Collins 


\ light trap study of mosquito abundance carried 
on at Fort ( ollins, ( olorado, during the summers ot 
1941 and 1942, indicates that the relative impor- 
tance of the species is as follows. Aedes vexrans is by 
far the most prevalent species, followed, in order, 
by A. dorsalis, A 
Other species appearing mn the light trap in numbers 
too small to be trivittatus, A 


ercrucians, inornata, and 


nigromaculis, and Culer tarsalis 


significant are Aedes 


y 
increpuus, 1 Theobhaldia 


Psorophora 


S1LYNt PENNIS 
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Rice Stinkbug as a Pest of Sorghums 
R. G. Daums, U.S. D. A., Bureau of En- 
tomology and Plant Quarantine, and 
Oklahoma Agricultural Experiment 
Station 


During 1941 the rice stinkbug, Solubea pugnax 
F.), caused serious injury to some sorghums in 
Oklahoma. This insect was especially injurious to 
the sorghums grown at the Dry Land Field Station 
of the United States Department of Agriculture at 
lawton. As there were many varieties and strains 
of sorghums growing at this station, an opportunity 
was available to study the effect of this insect on 
different varieties and sorghums that matured at 
different dates. 


Table 1.—Weekly catches of mosquitoes.’ 








4. dorsalis 1. nigromaculis A. verans C. tarsalis Tota? 
194! 1942 i9tl 1942 1941 1942 1941 1942 1941 1942 

Mav 25-31 ) 0 0 0 } 0 l 0 8 l 
June ! _ Tt 4 0 0 2 Ss 0 l 2 14 
S14 2 0 0 | 9 20 0 0 1] 2Q2 

15-21 lo 13 0 7 IG 18 ®) 0 13 72 

22 28 7 14 24 62 9 19 0 l 77 96 
25-July 5 4 t 4 10 10 1d 0 l 15 40) 

July 6-12 9 20 ) } 13 39 7) 3 35 66 
13-19 62 Is 1038 13 200 

1) 26 65 1] ) 6 16 89 6 ) 147 111 
27—-Aug. 2 21 1d aa) 6 12 120 20 12 199° 154 

Aug . § 28 22 0 1s l 97 0 6 49 98 
10-16 0 123 0 8 15 19 10 8 28 632 
17-23 0 174 7 +t ) 655 9 8 21 887 
24-30 2 150 l2 | 4] 266 23 20) S89 420) 
s1-Sept. 6 ; 47 0 ) 19 121 24 21 49 196 

Sept 7-13 ; 9 0 “4 11 252 1] iS 25 296 
14 20 5 0 0 0 7 154 14 42 26 200 

21-27 DD 0 0 14 14 
Total 164 S74 185 235 236 2405 139 174 838 3505 
{ t n D> sin 1941; 1 4 s in August and September of 1942. A. increpitus—no specimens in 1941; 
ap s, di ltod 19, 1942. 7 rnat 6 specimens in June, 1941; 1 specimen in May, 2 in June, 2 in July, 4 in August and 
l tal t << = e undetermined specimens, 1 ein 1941 t in 1942 
I ides / j 2 


During 1942, mosquitoes were much more abun 
dant than in 1941. This was borne out both by light 
trap catches and by observed abundance in the city 
The difference in abundance was due largely to two 


speci s, 1 rerans and 1 dorsa is, which increased 
about ten and five fold respectively The increase 
moreover, occurred chiefly in the months of August 


and S« ptemb r 

l'able 1 is based on estimated totals of the weekly 
catch on a seven day basis. The estimate is ob- 
tained by totaling the weekly catch, multiplying by 
seven, and dividing by the number of samples. For 
example, if the light trap were set five nights of a 
week, the total catch for those five nights was 
multiplied by seven and divided by five. With a few 
exceptions in 1941, the trap was ope rated at least 
three nights a week. The week of July 13 to 19, 1941, 
was omitted. The study was discontinued on Sep- 


tember 18, 1942 


I am indebted to Prof. Miriam A. Palmer and 
to Mrs. Margaret Young Ragan for operating the 
light trap 10-30-42 


Ingram (1927) reports that the rice stinkbug 
thrives best in warm, wet weather, that only small 
numbers survive the cold of winter, and that the 
winter mortality apparently is one of the greatest 
factors in keeping the insect under control. The 
winter of 1940-41 was mild, the lowest temperature 
recorded at Lawton being 14° F. April, May and 
June of 1941 in Oklahoma were extremely wet, 17.31 
inches of precipitation being recorded at Lawton 
during the 3 months as compared with a normal of 
11.24 inches. Therefore, the weather conditions dur- 
ing the winter of 1940-41 and the spring of 1941 
appeared to be favorable for this stinkbug. 

(s far as is known, the literature does not report 
this insect as being a pest of sorghums, Sorghum 
vulgare Pers., and during the 27 years that this crop 
has been grown at the Lawton Station this stinkbug 
has never been observed on sorghums. It has been 
reported on Johnscn grass, S. halepensis (L.) Pers., 
by William T. Davis (1925) in Nelson County, Va. 

The rice stinkbug was first observed feeding on 


sorghums at Lawton on August 7. Although all 
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bugs were in the adult stage and may have been feed 
ing fora few day s before they were observed, it is not 
believed that they had been present long. They re 
(August 23, 
they began leaving the sorghums in large numbers 
and by ™ pte mber l only avery few could be found 


maine d very abundant until about whe i 


Where the bugs came from or where they went was 
not determined. Johnson grass and several species of 
native grasses were examined during September, but 
they did not reveal any of the bugs. It is not believed 
that the insects died, because almost all bugs that 
collected in August and caged on 
heads were still alive ¢ iectober 3 


were sorghum 


Those varieties of sorghums that were in the 
bloom stage when the infestation occurred suffered 
the most injury. The bugs sucked the plant food 


from the immature In many cases the heads 
became partly sterile, and where fertilization oc- 
curred the small heads contained shriveled and 
shrunken grain 

As a general rule the lat: 
more seriously injured, but there also appeared to be 


ovary 


maturing varieties were 


some difference due to variety, both as to preference 
of the bugs and as to injury. In some plants the 
main head was not injured whereas the tiller head 
was destroyed. This was probably due to the differ 
ence in the date of heading 

From three plots in which the variety Sumac rip 
ened on August 13, August 18, and September 5 the 
yield was 49.6, 20.3, and 7.4 bushels per acre, re 
Similar results were obtained with Reed 
kafir and Spur feterita that matured on different 
dates. The low yield of the late-maturing plots was 
thought to be stinkbug 
injury 

The bugs were more abundant « 
including the White 
some of the other varieties 


spectively 


almost entirely due to 
yn the Darso vari 
Darso strains, than on 
However, White Darso 
378 was injured much less and gave a higher 
vie ld than two other White Darso selections that 
were infested with approximately the same number 


eties, 


of bugs and were at the same stage 
the infestation occurred 

To determine the number of stinkbugs necessary 
to destroy a sorghum head, 
bugs from 5 to 100 were caged on 
had just emerged from the boot 
lowed to feed for about 
were examined Five per head caused 
injury, and 25 bugs or more prevented normal seeds 
from be ing produced 9-19-42. 


f maturity when 


numbers of 
heads that 
bugs were al- 


heads 


some 


various 
Sumac 
The 
$0 davs before the 


bugs 
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Armyworm Habit of Heliothis 
armigera (Hbn.) 


C. F. Ratywater, U.S. Department of 
Agriculture, Bureau of Entomology and 
Plant Quarantine 


Serious infestations of the bollworm, or corn ear- 


worm, Heliothis armigera Hbn.), were observed on 


two farms in Florence and one in Darlington County, 
S. C., during the last week in May, 1942 They de- 
veloped in vetch fields, from which the larvae mi 
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grated into nearby fields in the manner of army 
worms. Cotton, corn, soybeans, velvetbeans, sweet 
f march 


potatoc s, tobacco, and weeds in the line 


were all severe ly attacked, with less serious damage 


to ripening wheat, rye, and oats, and to sugarcane 


The armyworm habit of this insect as deve loped 
on vetch was discussed briefly by Luginbill & Beyer 
1921 that 
it assumed when the 
forced to 
madition did 
vetch was 


however, indicate 
habit only 
worms were 
This ce 
The 


Their observations, 
the 
vetch was being cut and the 


army wort 


dispe rse in search of other food 


not prevail in the present outbreak 


not cut, nor was it defoliated to the extent that 
movement in search of food was necessary when 
mass migration began. Enormous populations were 


built up in each of the three fields observed and there 
appeared to be an inherent urge on the part of the 


insects to move rapidly in any direction under thes 
conditions 
Observations suggest two reasons for this mass 


us popula 


direct contact 


movement of the larvae, namely, enorn 
which brought them in 
large numb 
le 


tions, with 
one another and a I . . 
swarming over the infested fields Phe larvae ap 
nd moved rapidly 


ulate 
inothe I 


peared to be highly 
(Contact 


movement, 


nervous 


one another 1 


seemed tf stin 


larva touched 


with 


and when one 


while feeding on the plant, both would often “flip 
themselves from the plant ind beg crawling 
rapidly. 

The feeding and movement of the lar vere ap 


morn 
s. On 
occul 
vetch by 


Furrows 


parently confined to the daytime. In the early 


two mornings mass movement was observed to 
about 10 o'clock, the larvae leaving the 
thousands and 
ploughed around the fields with a turn plow 
ing the dirt toward the vetch trapped practically all 
the marching larvae. Post holes dug in the bottom of 
the furrows to a depth of 12 to 18 inches and 4 to 6 
feet apart effective in completing the trap 
Whe n there lars ic cTa vled up 
and down the furrow until some point o 
found Many of the holes trapped enough larvae to 
fill a quart jar 

The use of poisoned bait and dusting w 
effective control. The pois 
bait, prepared from 6 pounds of 
$ ounces of sodium arsenite, | pint 


ing the larvae remained quietly 


moving in all directions 
throw- 


were 


were no holes, many 


I ¢ scape Was 


! 
rc iuin 


arsenate both gave med 
wheat 
of molasse s, and 
water to moisten, was spread in and near the fur 
rows and applied on the leaves and in the buds of 
corn ifter the 
bait was spread, and thousands were dead within 3 


and it is be 


Some larvae were dead in 30 minutes 
hours. This bait was highly effective, 
lieved that a bait placed around an infested field 
would kill practically all larvae as they attempted to 
migrate to adjacent fields. The bait which 
plied directly to the corn was likewise effective in 
killing the larvae. 

Calcium arsenate dust was applied to cotton and 
corn. Immediately following application of the dust 


Was ap- 


the larvae appeared to stop feeding However, feed- 
ing was resumed in a short time, and complete mor- 
tality resulted in less than 24 hours. As many as 14 
dead larvae were found under one cotton 
plant, and 12 were found dead under several pl ints 
Not a single live larva was found in the cotton or 
corn fields 24 hours after dusting with calcium ar- 
senate and applying poisoned bait around the vetch 
field 

The infestation largely disappeared in about 2 
weeks after it 


small 


became noticeable Parasit sin was 














December 1942 


observed of the larvae and probably 
caused a high mortality, particularly toward the end 
of the active period of the larvae Hundre ds of para- 


on many 


sitic flies were observed in a vetch field where the 
infestation of Heliothis armigera had been severe 
9-10-42 
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Methyl Bromide Fumigation of 
Refrigerator Trucks 


Heser C. Doxnonor and C. H 


partment if {yriculture, Bureau of 


Gappis, (7. S 


Ent yy and Plant Qu trantine 
One of the chief means employed to obtain cer 
tification of produce for shipment under the regula 
tions the Japanese beetle quarantine is through 


methyl ele of loaded 


\n exposure period of 2 hours 


brom fumigation refrigerator 


ears ind a dosage of 
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wall through a well-packed bushing. These fans are 
of sufficient capacity so that they are suitable for 
initial circulation of the fumigant to forestall strati- 
fication. 

In the first test the methyl bromide was intro- 
duced through a side door by means of a copper tube 
equipped with a spray nozzle directed upward from 
a point about 8 inches from the floor rack. In all 
other tests the fumigant was introduced through a 
top bunker hatch by means of a U-shaped tube and 
upward-directed spray nozzle. In all but the first 
test either the permanent fan arrangement or an 
auxiliary electric fan hung in a similar location was 
run during the introduction of the fumigant and for 
5 minutes thereafter. Freshly collected Japanese 
beetles in standard testing cages were placed at 
various locations near the top, center, and floor of 
all bodies and within the containers of produce 
when a load was involved. Mortality records were 
made on the day following treatment. Data on the 
eight fumigations are shown in table 1 

The data from the first test, involving fumigation 
without circulation, are of interest. Despite a high 
vault temperature and the release of the fumigant 
as a mist directed upward into the body space, strati- 


Table 1.—Results of methyl bromide fumigation of refrigerator truck bodies in compliance with 
Japanese beetle quarantine. Exposure period 2 hours. 1941. 





PT EMPERATURI 


DosaGE O} 
F UMIGANT 


WITHIN PouNbs 
PRUcK Pruck Bopy Per Tora. Morvtauiry, 
VoLuME, 1000 NUMBER Per Cent 
Cup Start of End of Cus oO} - . 
Loap FEET Fumigation Fumigation FEET BEETLES Treated Control 
wo - 211, top 43 0 
None SIS 90° | 97° F. 1.3 128. ill 98 - 0 
Onions, 500 bags 1370 74 2 606 100.0 2.8 
None 645 S4 86 1.5 611 100.0 2.8 
Beans 
O45 SO 82 1.5 1,024 100.0 2.4 
hampers 645 86 82 1.5 1,264 100.0 2.4 
re 689 S35 RY 1.5 1,154 100.0 94 
t hampers 645 85 SO 1.5 2,941 100.0 2.4 
Cut flowers, 3 hampers 820) 79 77 2 2,290 100.0 0 





> pounds per car at a minimum temperature of 
70 I r of 4 pounds at 8O° are required (Donohoe 
et al. 1940; United State s Depart ment of Agriculture, 
f Entomology and Plant Quarantine 1940 
Prior to 1941, shippers had shown little interest in 
a fumigation procedure applicable to truck ship 


ments. Chiefly owing to the increase in purchasing 


Bureau o 


for army posts within trucking distance of the east 
ern produce growing centers, there 


for suc h a procedure in 1941 


were 


many re 


qylue sts 


The writers investigated the possibility of utilizing 


refrigerator truck hodies as methvl bromide fumi 
gation chambers, making a tot il of eight trial 
fumigations in seven units. In addition, many trucks 
engaged in hauling produce were inspected for sound 
ness at loading terminals. Because of the necessity 
for maintaining the load under refrigeration in tran- 
sit. refrigerator truce k hodi« sare of s und, ind gen 


pos © tight, double-walled construction, with doors 
that fit well and close tightly. All are equipped witl 


rasolime powe red circulating fans entering the fron 


fication was pronounced, as evidenced by beetle 
mortality on the top and floor. The other records 
demonstrate that an initial circulation of 5 minutes 
is adequate and that refrigerator truck bodies are 
suitable for use in meeting Japanese beetle quaran- 
tine requirements for the certification of loads of 
produce.—9-9-42 
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Two Economic Species of Mites 
on Pecan 


C. B. Nicke.s, U 


Bureau of I ntomology and Plant (Juarantine 


. , 
‘ Department of {yriculture, 


\ mite, Eriophyes caryae Keifer, was observed on 
scattered pecan trees in six orchards in Texas and 
Louisiana during the years 1936-37. Another mite, 
Paratetranychus Banks, has also 
served on scattered trees in many pecan orchards in 
Both species are frequently found feeding 


ririwdias been ob- 


Texas 
on the same leaflet 


Keifer (1939) described / riophye s caryae from 
specimens taken from pecan leaves collected at 
Brownwood, Tex., July 20, 1939. The varieties 


Eastern Schley and Money Maker, as well as seed 
ling pecans, were infested. The mites cause a leaf 
edge roll on the upper surface of the pecan leaflets 
fig. 1). The infestation usually begins on the margin 





Fic. 1 Pecan leaf infested by 
Eriophyes caryae, X1 


of the leaflet and spreads longitudinally and trans 
Many of the se. 
prematurely. Mite infestation resulted in severe in 
jury to approximately half of the leaflets on some 
of the treers. 

A mite, probably Eriophyes tristriatus Nalepa, 
attacks black walnut in Tecas, but this mite has not 
been observed on pecan. The galls produced by / 


versely erely infested leaflets drop 


caryae and F.. tristriatus are dissimilar in appearance, 

and the two species are not likely to be confused 
Paratetranychus taken from 

leaves in Texas in 1938 and was determined by E. A 


McGregor (1939), who stated that it is distinct from 


ririudis was pecan 


Ki ONOMIC 





lol gS. No. iD 


ENT« IMOLOGY 


P. simplex, a mite occurring on the date palm in 
California. P. riridis occasionally causes important 
injury to the foliage of pecan in Texas (fig. 2). Weeds 





Pecan leaflet showing injury by 


Fig. 2 

Paratetranychu ridis, X6 

and ornamental plants were found rowing near 

the severe ly infested trees. No 

tation was observed in pecan ore hards in which clean 
9-17-42 


important mite ines 


cultivation was practice d 
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The Term “Inverted Spray Mixture” 
J. Marsnart., Dominion Entomo ; i 
Laboratory, Vernon, B. ( 
Pacifie North 


rere rally 


In codling moth control in the west, 


the term “inverted mixture 


known to 


characteristic S, 


spra\ 
indicate a mixture with certa n distinet 
chief of which is the 


in deposit as spraving is con 


( ipacity for 


progressive increase 


tinued on ome point The suitabilits of the term has 
been criticized by three investigators 
Knight (1942) states that the tern erted 


mixture’ is a misnomer and is misleading. Fajans 


& Martin (1938) believe that the expression oil 
flocculated mixture” is prefe rable he Ltuis¢ inverted 
mixture’ might lead to confusion with nverted 


emulsion 
The ordinary or dictionary meaning of in 
ersal 


erted 


is, in part, change of place, or rev In chemistry 


the term is applied in a purely chemical 


sense as 


for example the change from cane sugar to fruit 


sugar, orina physical sense as in the 


l-in-water emulsion to a water-it 


an ol 
Marshall (1987) and subsequent] Ciroves ef al 
1938), have referred to certain spra mixtures 


consisting of water, oil, soap, and a finely divided 
solid such as lead arsenate or ervolite, as inverted 
mixtures. Although the nature of the 


physical changes that took place in these mixtures 


chemical and 


was partly speculative, the term was used hecause 


one feature was alwavs evident Solid particles 


initially wetted by water became wetted hy oil, 
Cor N 20) 1) I 
> Depa ent \g 1 ‘) ‘ ( 
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either in the spray tank, or at the moment of leav- 
ing the aperture of the spray gun, or even af the 
moment of impact on the sprayed surface. The posi 
tion of the solid particles with reference to the 
liquid components of the system was reversed or 
inverted 

It was not claimed originally that true emulsion 
inversion occurred, though the evidence suggested 
it. But it was found later that inverted emulsions 
prepare d for use in a concentrate injector (Groves et 
al. 1938) and successfully sprayed out on fruit trees, 
were as far as could he determined, ide ntical with 
the « urdy material formed when an oil water-soap- 
suspended solid mixture prematurely reverses or 
“breaks” in the spray tank. Incidentally, Knight 
states than an inverted emulsion cannot be applied 
as a spray 

Perhaps the time element has caused confusion 
Knight appears to concern himself chiefly with the 
state of the spray mixture or emulsion before it 
leaves the spray tank. The condition of the mixture 
after impact on the sprayed surface seems, however, 
of greater importance, since it is there that is found 
proof of effectiveness Aside from the fact that an 
inverted emulsion or spray mixture may be readily 
sprayve d out by means of special! equipment described 
n the literature, a mixture may be in such condition 
that although appearing stable in the spray tank, it 
forms a curd and adheres tenaciously after passa ge 
through the release valve of the spray pump ort 
through a spray gun. After being sprayed out, it is 
from the physical standpoint an entirely different 
mixture. In fact, it is so changed that it cannot again 
be passed through the spray machine without re 
emulsification. Such is the behavior of the inverted 


mixture 

Referring to the opinion of Fajans & Martin that 
oil-flocculated mixture” is preferable to “inverted 
mixture,” it should be pointed out that the term 


NOTICE Té 
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“oil-flocculated” may refer to systems that other- 
wise have different characteristics. For example, oil- 
water-ammonium caseinate-lead arsenate mixture 
may exhibit oil-flocculation, yet it behaves quite 
differently on a sprayed surface from a certain type 
of oil-water-soap-lead arsenate mixture that also 
exhibits oil-flocculation. The term “‘oil-flocculated” 
does not appear to be sufficiently specific. 

So-called inverted mixtures or partially stabilized 
types of them are now in widespread use. They pro- 
duce deposits typical enough to merit distinctive 
designation. The fact that the term inverted mix- 
ture is already popular is no reason for its use in 
technical literature. Since however, from the gram- 
matical standpoint it appears to be in order, and 
since in chemistry the term has already more than 
one meaning, perhaps it should stand until a more 
suitable term is suggested or until more precise 
knowledge of the nature of these mixtures becomes 
available.— 10-24-42. 
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» READERS 


Several inquiries (but no complaints) have been 
received from subscribers regarding the belated 
appearance ot the Journal and the slow delivery of 


re prints rae red 


All this may be properly charged to the war 


emergency. Our printers, the George Banta Publish- 
ing Company, have been handicapped by the loss of 
many of their highly trained workmen, men who 
extremely difficult to replace. They have not wished 
to entrust technical works, such as our Journal, to 
inexperienced men. In addition, they have done 
their share of a truly tremendous amount of printing 
for, or under the auspices of, the Government. This 
work has been work which required immediate de- 
livery and the printers have cooperated in it as a 
part of their patriotic contribution to the war effort. 

Readers are asked, for these reasons, to make all 
possible allowance for delays. However, if reprints 
are badly needed for immediate use that fact should 
be noted on the order forms submitted and the print 
ers will make every effort to give prompt delive r\ of 


the ~4 sper ial wrders 
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Entomological Offensive Due on All Fronts in 1943 


IN A pemMocRACcY the results of efforts 
that are national in scope do not become 
apparent until a certain number of pre- 
liminary moves has been made and until 
after a lapse of time. The war efforts of the 
American Association of Economic En- 
tomologists have been taking the same 
course. The Association has three, so- 
called, war committees. One of these, 
known as the Committee on the Insecti- 
cide Supply Situation, under the chair- 
manship of J. L. Horsfall, has been issuing 
reports, from time to time, dealing with 
available supplies, alternate insecticides, 
conservation of materials, ete. These, to- 
gether with the War Letters of the Bureau 
of Entomology and Plant Quarantine, 
constitute the only type of information 
that is available for public consumption. 

The two remaining are joint committees 
representing the Entomological Society of 
America and the American Association of 
Fk eonomic Entomologists. One, known as 
the Committee on the Coordination of 
Entomology with the War Effort, under 
the chairmanship of E. F. Phillips, has 
concerned itself principally with recom- 
mendations involving the reorganization 
of research, to fit war needs, the adjust- 
ment of teaching to meet increasing needs 
for skilled entomologists, both at home 
and in the armed forces and with a pro- 
gram of action for control measures against 
insects that threaten the goals set by the 
Government for the increased production 
of certain commodities. The complete rec- 
ommendations of this Committee and a 
list of the project leaders and associates 
have been set forth at length in the reports 
of this Committee in the April and June 
issues of the Journal. 

The other joint committee, known vari- 
ously as the Committee on Military Train- 
ing, the Joint Committee on War-Work 
Training, and the Joint Committee for the 
Effective Utilization of Entomological 
Personnel and Facilities during the War, 
under the chairmanship of F. C. Bishopp, 
has compiled a register of entomologists 
who are qualified for service in the Army 
or Navy as commissioned officers, or who 


are fitted for other service ranks. At the 
request of this Committee the Army ree- 
ommended to the American Red Cross 
that entomologists be included among the 
list of technical workers whose qualifica- 
tions were to be examined by the Red 
Cross so that they might be properly al- 
located. In addition this Committee, 
through close contact with responsible of- 
ficers in the Army and Navy, has been 
bringing about a fuller recognition of 
entomological problems and the value of 
trained entomological personnel in meet- 
ing them. This has not been easy because 
of the rapidity with which the Army ts 
being built, because those concerned with 
the protection of troops, food, clothing, 
insects are apt to regard 
and be 


ete., against 
entomological problems lightly 
cause deeply rooted ideas are hard to 
change immediately. In addition, this 
Committee has recognized the need for 
intensive training courses in medical en- 
tomology and military authorities are 
being urged to approve a plan involving 
the use of facilities in universities that are 
prepared to give training in medical 
entomology. 

This is but a brief and sketchy account 
of some of the major activities of the 
“war” committees of the Association. | 
regard the work of these committees as 
highly important and believe that the 
members of the Association should be 
familiar with what is going on. Because of 
the need for meetings of the committee 
members and because of the additional 
need for keeping in touch with Govern 
ment agencies at Washington, D. C., the 
distribution of the personnel of the vari- 
ous war committees is not as geograph 
ically perfect as would have been desirable 
in normal times. At the annual meeting, 
when complete reports are in, the best of 
the committee and 
practices may be agreed upon and plans 
may be made for furthering the war aims 
of the Association and for doing things 
that have been overlooked, and for coor- 
dinating, consolidating and strengthening 
our efforts. 


recommendations 
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In conclusion I wish to pay my respects 
to the more than 300 members of the 
\ssociation who are in the armed services 


RePORT OF SPECIAL COMMITTEE ON 
rHe INSECTICIDE SUPPLY SITUATION 


Insecticide Supplies for 1943 


his release is sent to entomologists who are in 
charge of research, teaching, extension, or quarantine. 
They are requested to circulate the information among 
the members of their staffs. THE INFORMATION 
SHOULD NOT BE FURNISHED TO THE 
PRESS 

The information is being sent with the thought 
that it will be of help in formulating spray schedules 
for 1943 and in the preparation of circulars and talks 
to be presented before growers’ meetings. The Com- 
mittee again wishes to emphasize the point that en- 
tomologists can render a real service by impressing 
growers with the necessity of buying on an orderly, 
seasonal schedule and in quantities necessary for 
food production. The responsibility for educaing 
growers as to the need for conservation of insecticides 
would seem to rest squarely with entomologists 

Officials on the War Production Board who are 
re sponsible for allocation of raw materials, recognize 
the fact that eve ry effort must be made to meet the 
goals set for food production. They have recognized 
that insecticides and fungicides are essential to meet 
these goals and have adopted the polic y that raw 
materials for production of these materials come 
next after the needs of the military forces. Informa 
tion as to the probable availability of the common 
insecticides in 1945 is based on the best judgment of 
responsible officials. Everyone must realize that con- 
ditions may change rapidly and the outlook, even 
one month from this date, may be radically different 

intimony—Probable that supply of tartar emetic 
will be sufficient to fill needs 

irsenical \llocations which have been made 
should provide sufficient to fill needs It is highly 
improbable that there will be any available for turf 
treatments or for weed killers. Arsenicals should not 


be used for grasshoppers or cutworms 


Chlorinated hydrocarbons—Fumigant supply ade- 
quate 

( opper s lj hate, ete Expected to be adequate to 
meet essential needs. Should be conserved 

Cryolite and fluorine compounds Probably 10 per 


cent increase over 1942 

Rotenone bearing roots—The supply will be about 
half of that consumed in recent years. The War 
Production board is expected to amend order M-133 
to restrict application to a selected list of important 
food crops also to limit the rotenone concentration 
in dusts to 0.5 plus/minus 0.05 per cent and to re 
strict packaging to a certain few sizes. This WPB 
directive probably will also provide for use in con 
trol of grubs and lice on cattle, and ticks on dogs and 
sheep 

Fish Oil—Satisfactory 

VMercury—lIncrease of 12 per cent met illic met 
cury over the curtailed (80 per cent) supply of 1942 

Vicotine— Increased supply should be ample to 
cover normal needs, and to replace, wherever prac 
ticable from the standpoint of effectiveness, pyre 
thrum and rotenone 


Ou S| 1 | 
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and who are engaged in the very definite 
and direct work of defeating the Axis.— 


H.B.W. 


Pyrethrum—The supply is inadequate to permit 
all the customary civilian uses. Agricultural use may 
be limited to protection of certain food crops, and, 
for the protection of public health, its use may be 
permitted in public places where food is stored or 
prepared for human consumption. 

S preaders—Satisfactory. 

Sulfur and Lime Sulfur—Satisfactory.—10-28-42. 


J. L. Horsrauy., Chairman 
C. C. HamILtTon 
R. C. Roark 


Pest ContTrRoL OPERATORS MEET 
IN PITTSBURGH 


The 10th Annual Convention of the National Pest 
Control Association was held in the Hotel William 
Penn, Pittsburgh, October 27-29, for the most im- 
portant meeting of the Association. Nearly 400 pest 
control operators were registered, with representa- 
tives from most of the states and Canada. The key- 
note throughout was the correlation of commercial 
pest control with the war effort. As Secretary Wm. 
Q. Buettner pointed out in his report to the Associa- 
tion, the important role of the pest control industry 
under present war conditions includes keeping the 
civilian population at peak efficiency to insure a 
maximum contribution to the war effort. Specifi- 
cally, Mr. Buettner pointed out, that without effi- 
cient servicesof the pest control industry, the country 
could expect tremendous losses in foods, moth dam- 
age, end above all dangerous conditions in sanita- 
tion 

The Convention program was especially well 
balanced, but throughout emphasis was given to 
priority chemicals and the necessity of using substi- 
tute chemicals and the adoption of more efficient 
methods to conserve the stock of chemicals still 
available. Emphasis was also given to fumigation 
precautions. The importance of the conservation of 
chemicals, protection of food products, and coopera- 
tion with the government authorities as essential 
factors in the winning of the war, were emphasized 
by nearly every speaker. 

Some of the outstanding discussions included the 
following: Substitutes for Pyrethrum in Roach Con- 
trol by F. L. Campbell; Theory of Poisons and 
Fluorine Antidotes by James C. Munch; A Perma- 
nent City Rat Control Project by F. E. Garlough 
and Wm. O. Buettner. Termite Control was dis- 
cussed by R. A. St. George, George L. Hockenyos, 
and B. G. Berger, under the chairmanship of Ken 
Harder. The Fumigation Clinic was conducted by 
Bartlett W. Eldredge and included discussions by 
John H. Foulger, Lothar Vogel, E. W. Gilliland, 
Max Rukin, Herman C. Militzer, George H. Chap- 
man, C. A. Vincent-Daviss, and C. C. Johnson. 
Throughout the program emphasis was given to the 
place of the pest control operator in protecting the 
armed forces and defense workers, as well as others, 
against annoying and disease-carrying insects and 
rodents. In this connection, Lt. Irwin H. Gilbert, 
U.S.A., and Lt. John Shronts, U.S.N.R., talked on 
problems they have encountered in Army and Navy 
training stations and camps. 
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Among the entomologists who attended the Con- 
vention and who participated on the program were 
included B. G. Berger, F. L. Campbell, J. J. Davis, 
W. E. Dove, I. H. Gilbert, L. M. Peairs, and R. A 
St. George. 

The next convention will be held in St. Louis, 
Missouri. Officers elected for the ensuing year in- 
clude F. E. Bohman, Hartford, Connecticut, Presi- 
dent; George R. Elliott, Worcester, Massachusetts, 
L. A. McKenna, Cleveland, Ohio, William Hogan, 
Pasadena, California, M. J. Levy, St. Paul, Minne- 
sota, Otto Orkin, Atlanta, Georgia, and J. L. How- 
ell, Houston, Texas, Vice-Presidents; Robert ¢ 
Yeager, Cincinnati, Ohio, Treasurer, and Wm. O 
Buettner, Brooklyn, New York, Secretary 

J.J. Davis 


Kansas State College Entomological 
Graduates in the Service’ 
Major T. F. Winsurn 

Mr. Temple F. Winburn, Associate Entomologist 
of the Bureau of Entomology and Plant Quarantine 
and located at the United States Department of 
Agriculture Laboratory, Manhattan, Kansas, ac- 
cepted a commission as a Captain in the United 
States Army and later was promoted to a Major 
At the present time Major Winburn is an adminis- 
trator in the air service and is located at Indepen- 
dence, Kansas 


CapTatn Sam G. KELLY 
Mr. Sam G. Kelley, Entomologist of the Common- 
wealth of Australia and located at Uvalde, Texas, 
resigned in 1941 and accepted a commission as a 
Captain in the United States Army. He was located 
at San Antonio, Texas 


.Forst Lieutenant Georce B. WAGNER 

First Lieutenant George B. Wagner, Associate 
Entomologist of the Bureau of Entomology and 
Plant Quarantine and located at the United States 
Department of Agriculture Laboratory, Manhattan, 
Kansas, accepted a commission as First Lieutenant 
with the United States Army. At the present time 
he is with the United States Army Flying School, 
Squadron 810, Sioux Fal!s, South Dakota 


First Lieutenant F. L. McDonacp 

Mr. Frederick L. McDonald, employed by the 
Bureau of Entomology and Plant Quarantine for 
several years to assist with grasshopper control 
work in several of the Central States, with head- 
quarters at the Kansas State College, Manhattan, 
Kansas, accepted a commission as First Lieutenant 
in the United States Army. His present address is 
Company D, 1038rd Inf., A.P.O., 3193, care of Post 
Master, San Francisco, Calif 


First Lieutenant A. W. GruNDMANN 
Dr. A. W. Grundmann, who received his doctor 
ate degree in Medical Entomology at the Kansas 
State College, June, 1942, accepted a commission 
as First Lieutenant in the Medical Detachment, I 
S. Army Hospital, Camp San Luis Obispo, Cali 
fornia 


Contributed by Professor Geo. A. Dean. Similar lists from 


d for Journal publication 


other institutions are invite 
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Captain Frep 5S. KruGcer 

Mr. Fred S. Kruger, who received his Master's 

degree in Entomology at the Kansas State College 

in 1933, and was employed in Kansas by the United 

States Department of Agriculture in soil conserva- 

tion work, accepted a commission as First Lieuten- 

ant in the U.S. Army. Later he was promoted to the 

rank of captain. Captain Kruger is now in India. His 
address is 

Capt. Fred S. Kruger 
Headquarters 5ist Fighter Group 


\. P. O. 629, New York, N. Y. 


SeconD LIEUTENANT CHARLES F. YUNGHANS 

Mr. Charles F. Yunghans, undergraduate stu- 
dent assistant in Entomology, Kansas State College, 
has accepted a commission as Second Lieutenant in 
the Air Forces, Paine Field, Washington State 


First Lieutenant H. A. NonAMAKER 

Mr. Harold A. Nonamaker, employed by the 
United States Department of Agriculture as Farm 
Security Administrator, Smith Center, Kansas, 
accepted a commission in February, 1942, as First 
Lieutenant in the United States Army. His address 
is Lieut. H. A. Nonamaker, ¢ ompany A., 16th Inf., 
\.P.0. 1209, care of Post Master, New York City 


Captain Merie W. ALLEN 
Prof. Merle W. Allen, Department of Biology, 
Junior College, ¢ ‘offeyv ille, Kansas, acee pte da 
commission in June, 1942, as Captain in the United 
States Army. 


Enstcn Leonarp H. Movutpe 
Mr. Leonard H. Moulden, graduate student in 
Entomology, Kansas Stat College. accepted “a 
commission as an ensign in the Naval Reserve 
Aviation Base, Olathe, Kansas. 


Seconp Lieutenant L. M. Copennarer 
Mr. L. M. < openhafe r, Master of Science in 
Entomology, Kansas State ¢ olle ge, and employed 
by the Kansas State College as Extension Horti 
culturist, accepted a commission as Second Lieuten- 
ant in the Post Utilities Office, Fort Leonard Wood, 
Mo 


First LieEvTENANT Cuester B. Keck 
Mir. Chester R Keck, Associate Entomologist of 
the Bureau of Entomology and Plant Quarantine 
and located at the United States Department of 
Agriculture Laboratories, Honolulu, Hawaii, has 
accepted a commission as First Lieutenant with the 
United States Armed Forces 


Seconp LieuTeENANT E. O. Harris 
Mr. Ernest O. Harris, graduate student in Ento- 
mology, Kansas State College, has aces pted “a com 
mission as Second Lieutenant, Company D, Ist 
S.T.R., Fort Benning, Ga 


Starr SERGEANT Everett G. Bioop 
Mr. Everett G Blood, graduate student in 
Entomology, Kansas State College, and later Gradu 
ate Research Assistant, University of Minnesota, 
entered the U.S. Army and received a promotion 
to Staff Sergeant, Med. Det. 328rd S.T.R., Fort 
Benning, Ga 11-2-42 
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George A. Root 1890-1942 


George A. Root was born at Danbury, Connecti- 
cut, September 10, 1890, and died of an acute heart 
attack at Nogales, Arizona, on May 8, 1942. His 
early years were spent at Danbury where he at- 
tended the public schools. After completing high 
school, he entered the Connecticut Agricultural Col- 
lege and completed the work for a B.S. degree in 
1912, having specialized in horticulture and entomol- 
ogy. During his spare time in 1914 and 1915, while 
studying for a Master's degree at the Massachusetts 
Agricultural College, he served as a deputy nursery 
inspector for the Massachusetts Department of 
Agriculture. In 1915 he received his M.S. degree in 
entomology and zoology from the Massachusetts 
Agricultural College. 

After completing his scholastic training, Mr. Root 
continued his work with the Massachusetts Depart- 
ment of Agriculture until 1917 when he joined the 
staff of the Connecticut Agricultural Experiment 
Station and was assigned to scouting for gypsy moth 
and white pine blister rust. In September 1917, he 
was appointed as agent in the Bureau of Plant In- 
dustry, United States Department of Agriculture, 
and assigned to white pine blister rust control work 
in Massachusetts where he remained until September 
1918, at which time he was transferred to Montana 
for similar work in several of the northwestern 
states 

Mr. Root was associated with the early work on 
the control of white pine blister rust in the north 
western states and in July 1924 went to Sacramento, 


California, as State leader in charge of the blister 
rust control activities in that State. He continued in 
this position until 1936 and successfully carried out 
a State-wide campaign for the eradication of the cul- 
tivated black currant. He started some of the early 
phases of the blister rust control work in the sugar 
pine region of California, and carried on an informa- 
tional and educational program in connection with 
this work. During this period, 9 of his articles on 
white pine blister rust were printed in various publi- 
cations, and he also prepared and broadcast several 
radio talks on this subject. 

In 1937, Mr. Root transferred to the Division of 
Foreign Plant Quarantines, Bureau of Entomology 
and Plant Quarantine, as Assistant Plant Quaran- 
tine Inspector, and was assigned to the port of 
Nogales, Arizona, at which place he remained until 
his untimely death. 

Mr. Root was a member of the Society of Ameri- 
can Forestry for many years and also was an en- 
thusiastic member of the American Association of 
Economic Entomologists. He was an active member 
of several Government and fraternal organizations. 

Mr. Root had a quiet, unassuming personality and 
was well liked by his many friends within and with- 
out the Bureau. He was competent, cooperative and 
sincere in his work, and his associates and friends feel 
his loss keenly. He is survived by his wife, Mrs.Alta 
C. Root, and two sons, George Jr., and John.— 
11-26-42. 

C. E. Beuus and J. F. Martin 





Walter Hidnep 


Walter Sidney Abbott, retired Senior Entomolo- 
gist, passe d away on October 27, 1942, at the age of 
63 while returning home from a visit with his son to 
the Beltsville Research Center, Md 

Born at Manchester, N. H., on May 21, 1879, he 
graduated with the degree of Bachelor of Science at 
the University of New Hampshire in 1910. The two 
following years were spent in entomological work 
with the New Jersey Agricultural Experiment Sta 
tion at New Brunswick, N. J., and with the Illinois 
Natural History Survey at Champaign, Ill. On April 
15, 1912, Mr. Abbott was appointed Agent with the 
Bureau of Entomology, at Vienna, Va., his duties 
being to assist in the Enforcement of the Insecticide 
Act of 1910. This began a career of 26 years in the 
Government Service. On March 3, 1920, he was 
placed in charge of the field laboratory and of the 
Entomology Section of the Insecticide and Fungicid 
Board which agency was then charged with the 
\ct’s Enforcement. This position he held until his 
retirement on October 31, 1938 

Mr. Abbott's duties were chiefly regulatory but he 
also performed inve stigational work on insecticides, 
as for instance, those used in controlling economic 
insects as San Jose scale, poultry lice, dog fleas and 
household pests. Despite a physical handicap which 
pe rsisted during the greater part ol his life, Walter 
Sidney Abbott was a se If-educated man, an expert 
angler and a proficient marksman and one of his 


Abbott 1879-1942 


hobbies consisted of the construction of fishing rods. 
He was founder and first curator of the Manchester 
N. H.) Institute of Arts and Sciences and was in- 
vited by Professor E. D. Sanderson, of the Univer- 
sity of New Hampshire, to work over the University 
insect collections. This led to his entering as an un- 
dergraduate. 

Mr. Abbott was a prime mover in the founding of 
the Insecticide Society of Washington in 1934. He 
was also a charter member of the Entomological 
Society of America; a member, then fellow of the 
(American Association for the Advancement of Sci- 
ence, an active member of the American Association 
of Economic Entomologists and he belonged to the 
Entomological Society of Washington. 

His interest in mathematics resulted in the devel- 
opment of a new formula for estimating the control 
efficiency of insecticides. Since the publication of 
this method in 1925, it has been widely used and 
quoted by workers in Entomology. 

To those associated with him, it was always a 
source of marvel, if not of envy, how he conquered 
his physical handicap and maintained, at all times, 
a poise of unruffled calm, an evenness of temper, and 
an infectious sparkle of humor. 

Mrs. Lilla Robinson Abbott, whom he married in 
1911, a son Robinson and a daughter Betty, survive 
him.—11-29-42. 
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GENERAL SESSIONS 


PRESIDENTIAL Appress: “Color Perception in Insects’ H. B. Wertss, 


Trenton, N. J. 


1. Fumigation in Railroad Cars as an Emergency Treatment for 
the Preservation of Foodstuffs in Wartime. H. A. U. Monro, Montreal, 
Canada. 


2. Azobenzene as a Control for Chiggers in Lawns. D. M. DeLona 
and E. D. Witman, Columbus, Ohio. 


Azobenzene has been used successfully in the control of heavy infestations of 
“Chiggers” in lawns as a dust, when used with an inert diluent. 


3. Dinitro Dust as a Chinch Bug Barrier. W. P. Furnt and J. H. 
Biacer, Urbana, Il. 


t. Insects Attacking Belladonna in Pennsylvania, C. A. Tuomas, 
State Colle ge, Pa. 


Because it is not at present available from Europe, the drug plant belladonna 

tropa belladonna) is now being cultivated in this country. About 200 acres were 
grown in Pennsulvania in 1942 

This plant, a member of the family Solanaceae, is subject to attack by many 
of the insect pests which attack other members of the family, such as potato, 
tomato and tobacco. The pring ipal insects so far found to be causing injury in this 
state are tobacco and potato flea beetles, corn ear-worm, tobacco and tomato 
horn worms, potato stalk weevil, European corn borer, spotted cucumber beetle, 
2 leaf-miner species, and several species of leaf-roller and leaf-tier caterpillars. 

Control of these pests is accomplished by the same methods used against them 
on the other solanaceous crops where they feed, but because of the danger of resi- 
dues, arsenical spraying must be discontinued some time before the leaves are 
ready for harvest. Also, because of the growing scarcity of pyrethrum and rote- 
none materials, substitutes for these materials must be found. Preliminary experi- 


ments are now in progress on this subject 


5. The Mosquito Problem in North Dakota. J. A. Munro and H. S. 
TreLrorp, Fargo, N. D. 


\ discussion is given of the seasonal occurrence of species involved, with special 
reference to the 1941 encephalitis outbreak. Problems encountered in control of 
the predominating species, which are largely of the flood water type, are considered. 


6. A Comparative Study of Several Methods of Sampling Adult Mos- 
quito Populations. Cart B. Hurraker and Ricnarp C. Back, Newark, 
Del. 


\ study of the mosquito populations at a point adjacent to Fort du Pont, 
Delaware, was made at 7 to 10-day intervals from early July to late September, 
1942. New Jersey mosquito traps were operated in several ways: (1) in the usual 
manner with a 25-watt light as the attractant; (2) with both the light and dry ice 
as attractants; (3) with dry ice alone, and (4) with neither dry ice nor light (the 
fan alone was used). In addition, human biting records, air sweepings, and catches 
from both a cattle barn and nail keg mosquito traps were used to furnish ad- 
ditional data. 

Results have revealed that none of these methods cna be depended upon for an 
adequate, non-selective analysis of a heterogeneous mosquito population. The 
readiness with which adult mosquitoes are taken by the several methods depends 
upon both the species and the sex. Catches from barns, nail kegs, or other such 
resting quarters, showed the highest degree of specific selection of any method used 
A species which is highly attracted to light, such as Anopheles walkeri Theob., 
may be collected by the New Jersey mosquito trap as much as 8 times more 
readily than some other form, such as An. quadrimaculatus Say. 


7. Life History and Control of the Red Cattle Louse, Bovicola bovis. 
G. J. Marruysse, Ithaca, New York. 
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8. New Recommendations for Large Scale Control of the Sheep Tick 
in Northeastern United States. H. H. Sehwardt, and J. G. Marruysse, 
Ithaca, New York. 


9. Ox Warble, Hypoderma lineata (de Villers), Control in Range Cattle. 
M. A. Stewart, Berkeley, Calif. 

Investigations conducted over a period of nearly two years have demonstrated 
that ox warbles may be satisfactorily controlled by placing range cattle in chutes 
and spraying them at a pressure of from 250 to 300 pounds with 10 pounds of 
wettable sulphur, 10 pounds of derris containing 5% rotenone to 100 gallons of 
water to which a detergent is added. A nozzle delivering a flat, fan-shaped spray 
must be employed and the material is applied against the grain of the hair with a 
slightly circular motion and with the nozzle two to four inches from the animals 
backs. The above-mentioned material is not effective in controlling these grubs 
in dairy cattle when applied as a wash with a stiff brush 


10. Capacity of Insects to Ruin the Protection Offered Foods by Vari 
ous Types of Containers. (lantern) E. A. Back, Beltsville, Md. 


Responsibility for infested food shipments is little understood by business men 
handling foods in warehouses and stores. The manufacturer is often unjustly held 
responsible. The paper records the more common insects involved in destroying 
the protection offered foods by containers, and discusses briefly, the injury caused 


11. The Tomato Russet Mite, Phylloco pies destructor Keifer: Its Pres 
ent Status. STANLEY F. Bartey and H. H. Ketrer, Daris, Calif. 


This new pest of tomatoes, discovered and described from California in 1940, 
has become of major importance. It is now present in all tomato-growing areas 
of the state. This eriophyid mite is apparently limited to solanaceous plants. Its 
principal winter hosts are night shade and petunia. It attacks chiefly the stalk, 
stems and leaves, turning them a rusty brown color. The surface feeding of the 
mite results in the loss of foliage, sunburning of the fruit and, if not controlled, a 
killing of the plant. The life cycle is about 7 days long and after the first week, the 
population doubles every 3 or 4 days. The mite is transported on seedlings, by th 
wind, on laborers’ clothes, etc. Reproduction is continuous from May to Novem 
ber. In commercial plantings there are no important natural enemies. Dusting 
sulfur satisfactorily controls the mite on garden tomatoes but this dust has to be 
diluted to 25-40 per cent strength on canning fruit. (Minute amounts of sulfur re 
maining on the fruit causes a reaction in the can.) One application of a 25 per cent 
mixture (sulfur and inert or sulfur and stomach poison for worms) will hold the 
infestation for 3 to 4 weeks 


12. The Effects of Sulfur Residue Upon the Keeping Qualities of 
Canned Tomato Products: A Preliminary Report. Grorce M. List, 
Fort Collins, Colo. 

Samples of canned tomato juice prepared from fruit taken from plots treated 
with sulfur and certain sulfur compounds for tomato psyllid control, and other 
samples of juice with known amounts of sulfur added, have been in storage for 
two years. Periodic tests of the vacuum, pH and metal corrosion do not show any 
marked effect of the sulfur residues. Some of the known amounts of sulfur are 
bringing about c hange sin the sample s store d at highe rte rrp ratures 


13. Substitutes for Tartar Emetic and Brown Sugar in the Control of 
the Gladiolus Thrips. (lantern) FLroyp F. Smiru, Beltsville, Md. 


Six weekly applications of several sprays were made on gladiolus in replicated 
field plots to control the gladiolus thrips Tae niothri} e, sim plex Mor.) On the basis 
of 100 gallons of spray tartar emetic (2 lb.) and brown sugar (4 lb.) gave an in 
crease over checks in saleable flowers of 69.9 per cent while 40 per cent nicotine 
sulfate (1 qt.) with corn syrup (3 gal.) gave an increase of 81.1 per cent with can 
syrup (3 gal 78.1 per cent; and with honey (3 gal 71.7 per cent. Paris green 
0.4 lb.) with corn syrup (3 gal.) gave an increase of 74.5 per cent but injured the 
foliage. Addition of 0.4 lb. hydrated lime reduced foliage injury and also the 
efficiency of the spray to 26.4 per cent. Other combinations of available materials 
were relatively inefficient 


14. The Insecticide Requirements of California Crops. Stewart Lock 
woop, Sacramento, Calif. 


\ discussion of the different insecticides used in California, the amounts needed 
to protect crops, and what is being done to substitute other materials for those 
needed in the war effort and efforts to get along with less insecticides 
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15. Pyrethrum Culture in Dalmatia with some Suggested Applications 
to the Americas. (lantern) ALBert HArtze.x, Yonkers, N. Y. 


16. Laboratory Studies of Acrylonitrile, Chloropicrin, Methyl Bro- 
mide and other Fumigants Against the Bedbug. (lantern) Herny H. 
Ricnarpson, Beltsville, Md. 


Laboratory fumigation studies in glass flasks and steel cylinders were made on 
the toxicity of a number of new chemicals including methyl bromide and acrylo- 
nitrile against the eggs, nymphs, and adults of the bedbug. In addition to hydro- 
cyanic acid, which was the most toxic, acrylonitrile and a mixture of it with 
carbon tetrachloride; methyl bromide, chloropicrin; chloroacetonitrile; and 1,1- 
dichloro 1-nitroethane were found highly effective. Preliminary tests were made on 
the efficiency of some of the chemicals in penetrating woolen blankets, clothing 
and cotton batting 


17. Toxicity of Alpha, Beta-Dibromo-Beta-Nitroethyl Benzene to 
Houseflies. KE. R. McGovran, M. S. Scuecuter, and J. H. Fares, 
Beltsville, Md. 

sv the turntable method, alpha, beta-dibromo-beta-nitroethyl benzene at 2 per 
cent concentration in deodorized kerosene spray caused a high mortality of house- 
flies, Musca domestica L. One per cent concentration combined with pyrethrins 


was also t ffective 


18. Concentrated Spray Experiments. L. P. Ditman, H. 8S. McCon- 
NELL, and E. N. Cory, College Park, Md. 


\ report of some preliminary tests with concentrated sprays of rotenone and 
pyrethrum extracts applied to lima beans against Mexican bean beetle and corn 


earworti 


19. The Relative Resistance of Periplaneta americana L. and Blatella 
germanica L. to Pyrethrum Spray. E. R. McGovran, J. H. Faves and 
P. G. Prquett, Beltsrille, Md. 


\ spray containing 500 mg. of pyrethrins per 100 ml. of highly refined kerosene 
was applied by the pendulum method as a direct spray to the dorsal surface of 
reared cockroaches. Adult females and large nymphs of Blatella germanica L. 


were found to be more resistant to this spray than similar forms of Periplaneta 


ericana I, 


20. Cause of an Infestation by Tribolium confusum of Rolled Oats 
Packaged in three-pound Cardboard Cartons. (lantern) E. A. Back, 
Belts: tlle. Md. 

\ shipment of rolled oats packed in the original shipping cases was examined 
ind the conditions responsible forlthe infestation of individual three-pound card- 
board cartons recorded and illustrated 


21. The Toxicity of Ethide to the Firebrat and Three Species of Stored 
Grain Insects. (lantern) J. M. Grayson and E. W. Kina, Blacksburg, Va. 


The toxicity of the new fumigant, ethide, to the firebrat, Thermobia domestica 
Pack., the saw-toothed grain beetle, Oryzaephilus surinamensis L., the lesser grain 


borer, Rhizopertha di , F., and the cowpea weevil, Callosobruchus maculatus 
I’., was determired by laboratory fumigation tests. The tests were conducted at a 
temperature of 80° C., and an exposure period of 5 hours. An additional toxicity 
curve was determined for the firebrat at 30° C. and a 2-hour exposure period. The 
various dosages of the fumigant were administered by the glass ampule method 


into 5-liter balloon flasks 

Ethide was found to be very toxic to the insect species tested under the condi- 
tions stated. The dosage calculated to kill 50 per cent of the firebrats at 30° C. 
and a 5-hour exposure period was 1.33 mg. per liter. Comparable dosages for the 
other insects were somewhat higher but in no case exceeded twice that for the 
firebrat. Comparisons of toxicity were also made upon the basis of the dosages 
required to kill 99 per cent of the insects. In spite of its rather high boiling point, 
no difficulty was experienced in getting the ethide to volatilize in the fumigation 


flasks 


22. Life History and Ecology of the European Chafer Amphimallon 


~* 


majalis. (lantern) H. HL. Scuwarpr and W. H. Wurrcoms, Ithaca, N. Y. 
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25. The Effects of Variable Bordeaux Formulae on Potato Insect Con- 
trol and Tuber Yields. (lantern) W. A. Raw utns, Ropert STapPLes and 
Joun J. Pratt, Jr., Ithaca, N.Y. 





24. The Present Status of Basic Copper Arsenate as an Insecticide ane 
Fungicide. (lantern) H. A. Waters, D. M. DeLone and E. D. Wirman, 
Columbus, Ohio. 


Basic copper arsenate was deve loped in 1939 and has since been tested ey 
tensively upon several species of insect pests throughout the United States. It has 
also proved to be a good fungicide. Its physical and chemical properties—small 
particle size, low As.O, solubility, pronounced adhesiveness, lack of repellance to 
chewing insects and high degree of toxicity, render it especially promising as an 
insecticide. To date the best results have been obtained in the control of cottor 
tir 


insect pe sts, potato pe sts, and insects intes iv beans, SOV beans, tomatoes, cran 


berries and certain ornamentals 


25. Further Studies of Sulfur in Combination with Other Materials for 
the Control of Empoasea Leafhopper and Tarnished Plant Bug on Al 
falfa. (lantern) GeorGce L. McCaui and Dwicut M. DeLona, Columbus, 
Ohio. 

\ two-year study of dusting experiments with sulfur alone and in combination 
with several different materials have been carried out on large plots of alfalf 
Best results have been obtained with sulfur-pyrethrum and sulfur-DN dust 
Field population studies, kodachrome pictures and alfalfa yield have been used 
this evaluation | 


26. Reversals in Order of Effectiveness of Insecticides. NeeLty TURNER 
New Haven. ('onn. 
j 


Dusts containing | per cent rotenone and + px r cent dual nxed micotine | 
shown reversals u order of effectiveness in controlling the Europe in corn borer i! 
sweet corn. A dosage test in 1948 included 0.25, 0.5, 1.0, 2, 4, and 8 per cent 


nicotine in dual-fixed nicotine dust. Dosage-response curves are plotted and cross 

over near the 4 per cent nicotine and | per cent rotenone dosages at which single | 
dosage tests have been made in the past The curve for rotenone is flatter t} 

the one for nicotine \bove the cross-over nicotine ts most effective below it rote 
none is superior 


It is suggested that anv factors, such as rainfall, which might affect the 
materials differentially would change the relative position of the pont of crossing 
his accounts in a logical manner for the reversals in order of effectiveness of the 


two materials in litte rent tests 


27. Cutworm and Armyworm Populations in Pasture Grasses. Wast: 
Lands, and Forage Crops, Manhattan, Kansas, 1937 to 1940 Inclusive 
H. H. WaLkKpeEn., .Imes. lowa 


28. Factors Determining the Regression of the Kuropean Corn Borer 
Pyrausta nubilalis Ubn.) in Quebec. GrorGes Maneux and Grorces | 
G AU THIER, (uebec, ( anada. 
From 50 per cent, in 1940, the average degree of infestation of the corn borer 
in Quebec has decreased to 20 per cent in 1941 and to 6.8 per cent in 1942. Which 
factors have contributed to such a rapid diminution in population and stalk u 


festation? 


l Biologic il fac tors, suc h as parasites ar d predators? Parasite sare re sponsible 
for a reduction of 6.2, while other undetermined conditions take a toll of 3.7. A 
total of 9 9 pe rcent. The only active parasite wasa native species, Lal Ta, 


prismaticu Nort 

2. Chemicals? Though fairly good results were obtained in experiments with 
+ per cent derris (74 2 per cent control) and perfect results with dual-fixed nico 
tine lack of equipment and high cost of treatment prevented growers fron | 
adopting the spraying or dusting method 

}. Climatic factors? Weather conditions favored oviposition over a long pe riod 
in 1941, but this vear, cool nights pre vailing during two weeks preve nted the 
activity of moths during egg-laying period 

t. Biotic potential? In breeding cages we obtained 24.5 per cent fewer females 


compared with 1941 
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>. Mechanical factors? Cultural methods, such as plowing under corn stubble and 
corn remnants, combined with natural factors, gave 48.8 per cent killed in 
1941 and 68.4 per cent in 1942. This method alone has not enough efficiency to 
keep the borer in check. Many larvae can escape, using any vegetable residue 
to pupate at the surface of the soil. Such debris are easily perceptible, as they 
remain on the soil after harrowing and sowing, and must be picked up and 
burnt. The necessity for thorough cultivation is further emphasized by the 
borer’s aptitude to transform at the rate of 18 per cent even on perfectly clean 
soil. Soil particles are then put together to make a shelter. 

\ combination of cultural methods, careful picking up and burning of all 
corn remnants late in spring, is responsible to a large extent for the unexpected 
decrease registered since 1940. A regulation to that effect has been passed and 
enforced in every corn growing sector. Compulsory clean-up has been readily 
accepted and is now a regular practice. The fast change in the mind of the 
growers is attributable to two main causes: The heavy losses sustained after the 
1940 outbreak; and a sweeping education campaign, with the active collabora- 
tion of county agents, films, radio, newspapers and periodicals, posters, il- 
lustrated circulars, clergy, agricultural associations 

Enforcement of the regulation was made feasible through a small staff of 
provine ial inspectors with the active participation of local inspectors 
Phe conclusion is that the very satisfactory results obtained this year confirm 

the importance ol all these factors combined; the \ also convince the farming 
popul ition of the effectiveness of the compulsory clean up. 


29. The Significance of Growth Stages of Sweet Corn as Related to 
Infestation by the European Corn Borer. (lantern) Raimon L. Bearp, 
Neu Haren. ('onn. 


I'wo sweet corn hybrids, Ma ws and Lerinaton, plante d on fourteen different 
dates in sequence from April 17 until July 16, were observed for oviposition by 
the bivoltine strain of the European corn borer and for subsequent survival of the 
larvae. An analysis of the observations is made, emphasizing the value of con- 
sidering the state of plant growth at the time of infestation as an aid in the pre- 


diction of insect damage and possible host resistance 


30. The Ultimate Water Soluble Arsenic Value. E. D. Wirman, H. A. 
Waters and E. R. Rotuemicnu, Columbus, Ohio. 


\ method for determining the water soluble arsenic content of caletum arsenate 

s described which takes into consideration the effects of hydrolysis and carbon 

dioxide. Data is re ported to show this method gives close correlation with data 
e field 


31. Control of Aphids and Diamond-back Moth Larvae on Collards 
with Rotenone-Nicotine Dusts. (lantern) Harry G. WALKER and 
Lacren D. Anderson, Norfolk, Va. 


Field tests with rotenone-nicotine dust (Black Leaf 10 and Black Leaf 155 com- 
binations indicated that these materials could be safely combined for controlling 
aphids and the larvae of the diamond back moth on collards. In fact, there was a 
te rniele nev for the con bination dusts to be more effective for control ot the aphids 
than nicotine alone and more effective for control of the larvae of the diamond 
back moth than rotenone alone Hydrated lime appeared to be a better diluent for 
the rotenone-B Leaf 1 mixture than pyrophyllite 


32. The Effect of Planting Dates on the Degree of Japanese Beetle 
Injury to Corn. G. S. LanGcrorp and E. N. Cory, College Park, Md. 


35. Ethylene dichloride Treatments for the Control of the Immature 
Stages of the Japanese Beetle. (lantern) A. C. Mason and R. D. Cuts- 
HOLM, Moorestown. N rf 


Immature stages of the Japanese beetle were subjected to treatment with an 
ethvlene di hloride emulsion pre pared Irom an emulsible mixture of this com- 
pound. All larvae and prepupae in balled and potted plants were killed fol- 
lowing immersion of the plant balls for 10 seconds in an emulsion prepared at 
the rate of one gallon of the emulsion mixture per 100 gallons of water. Retention 
of the insects in the balls, closely arranged, for 48 hours is esse ntial. Also, most of 
the pupae and about a third of the eggs were killed by this treatment. In pre- 
liminary tests, all larvae in turf and in soil about growing plants were killed fol- 
lowing surface appheati n of this emulsion at the rate of two gallons per square 
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yard provided the soil was left undisturbed for several days. Satisfactory control 
was obtained with half this amount of emulsion under some conditions. Many 
kinds of plants have tolerated these treatments. 

34. Treatment of Elm Logs to Prevent Bark Beetle Entry, Breeding, 
and Emergence. (lantern) DonaLp P. ConNoLa, Lyte E. HAGMANN and 
DonaLp L. Couuins, Yonkers, N.Y. 

Elm logs, both singly and in piles, were (1) sprayed with various mixtures, and 
(2) exposed and stacked in various ways and subjected to mechanical treatments, 
such as injuring the bark and steaming the logs, in order to prevent bark beetles 
from attacking the logs and to kill whatever stages might be present in the logs 
It was concluded that the mechanical methods are preferable where they may be 
employed conveniently, but that the chemical methods may be employed more 
satisfactorily under certain special conditions. The most reliable sprays were light 
petroleum oils containing volatiles such as one of the chlorobenzenes, and creosote 
or a chemical of similar nature. No method was reliable under all conditions 


35. Developments in Research on the Bark Beetle Vectors of the 
Dutch Elm Disease Fungus. (lantern) C. W. Couiiins, R. R. Wairren 
and R. T. Wesser, Morristown, N. J. 

\ resume of the deve lopme nts in research on the bark beetle vectors of the 
Dutch elm disease fungus, Ceratostomella ulmi, Buisman, including their biology, 
relationship to the disease, and their control by chemical sprays and traps 

36. The Application of Twig Clipping Supported by Certain Other 
Sanitary and Cultural Practices in the Control of the Oriental Fruit 
Moth. G. Epwarp Marsuatu, Orleans, Ind. 

The control of the Oriental fruit moth by the clipping and removal of infested 
twigs and fruits at intervals of five to seven days throughout the growing season, 
has been studied for the past seven years. This method of control proved to be a 
practical one in three peach orchards aggregating 95 ac res, and has been studied 
more intensively in blocks of 200 trees or less 

Control by this method is of greatest value in areas where it has been impossible 
to secure effective control from parasite colonization. The clipping and removal 
of infested twigs and fruit, reduces to a minimum brown rot and the necessity of 
sprays to control this disease. No separate thinning operation is necessary when 
such mechanical control practices are adopted. Studies so far conducted, indicat: 
that where conditions make possible the adoption of this method of control and if 
it is exercised efficiently, the clipping and removal of infested twigs and fruit will 
yield a reasonable return on the money and time invested 


37. The Relation of Winter and Spring Temperatures to Injury of 
Peas by the Pea Aphid. L. P. Ditman and E. N. Cory, College Park, Md. 
The time that the pea aphid population build up during the growing season of 
peas determines primarily the severity of injury as it occurs on the Eastern Shore 
of Maryland. Five years’ records at Ridgely indicate that time of pea aphidoccur 
rence is directly determined by early spring temperatures 
38. Combination Rotenone-Nicotine Dusts for Pea Aphid Control. 
lantern) Joun H. Litty, Madison, Wis. 
Certain combination dusts containing reduced concentrations of a rotenon 
in form of ground Club) and alkaloidal nicotine have given consistently good cor 
trol of the pea aphid in the field during the past two years 
39. Cryolite Controls Sugar Cane Borer. A. L. DuGas, University, La. 


40. Japanese Beetle Injury to Apple and Grape Foliage as Influenced 
by Species and Varieties. G. 8. LaNGrorp and E. N. Cory, College Park, 
Md. 

41. Tests on Bordeaux Mixture and Other Sprays for the Control of 
Japanese Beetle. (lantern) DonaLp L. CoLirns and Ropert V. Narpy, 
Yonkers, N.Y. 

Bordeaux mixture and a number of recommended and advertised materials, as 
well as several recently suggested formulae were tested both on a large scale in the 

field and in small experiments. The object was to study the comparative effective 

ness of these materials in preventing serious foliage damage by adult Japanese 

beetles. A 4-4-50 bordeaux mixture, with or without lead arsenate, was probably 

the most effective of the materials included. A discussion of the results with 

reference to the difference in beetle abundance in 1941 and 1942 is included 
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42. Toxicity of 95 Synthetic Organic Chemicals to the Codling Moth. 
Kk. D. Wirman, B. C. Dickinson, H. A. Waters and D. M. DeLona, 
Columbus, Ohio. 


The method of dispensing and testing of 95 synthetic organic compounds is 
outlined. Laboratory data includes toxicity to the codling moth, reproducibility of 
tests, effect of time on toxicity and effect of various diluents. Only a few sub- 
stances show sufficient promise to be expanded into field tests. Field data is re- 
ported and discussed. 


13. A Simplified Method of Sampling Known Areas of Apple Leaves 
for Chemical Analysis. (lantern) F. H. Latnrop and Bernie E. Pium- 
MER, Orono, Me. 

By employing a double template, known areas of apple leaves are cut by means 
of ordinary shears. The method has been used during two summers. I]lustrative 
results of the method are included 


43. Stability of Basic Lead Arsenate with Spray Ingredients. Josepx 
M. Ginspurc, New Brunswick, N. J. 


Laboratory and field experiments were conducted with basic lead arsenate in 
comparsion with acid lead arsenate. In the laboratory the chemical reactions of 
basic lead arsenate with various spray ingredients, as indicated by the release 
of water soluble arsenic, were studied. In the field, young peach trees were suc- 
cessively sprayed several times during the growing season with basic lead arsenate 
and the effect on foliage and young twigs was compared with that obtained from 
acid lead arsenate sprays. Results: (1) Seven successive sprays of basic lead arse- 
nate caused practically no injury to young peach trees. (2) Unlike acid lead 
arsenate, basic lead arsenate does not release soluble arsenic when mixed with 
various spray ingredients such as lime sulfur, calcium carbonate, magnesium 
carbonate, hard, acid and alkaline waters. 


. 


44. The Economic Importance of the European Elm Bark Beetle. E. 
P. Fevt and 8S. W. Bromuey, Stamford, Conn. 


This paper is concerned with observations on the economic status of Scolytus 
multistriatus Marsh., with special reference to southwestern Connecticut. 


15. Some Factors Influencing Protective Stupefaction of the Cali- 
fornia Red Seale with Hydroeyanie Acid. Harotp R. Yust, Howarp D. 
Newson and R. L. Bussey, Whittier, Calif. 


Resistant Cqlifornia red scale was tested in the laboratory under controlled 
conditions to determine the influence of different factors on the amount of pro- 
tective stupefaction produced by prefumigation with a very low concentration of 
hydrocyanie acid prior to the regular fumigation concentration with the gas. 

Mature female scales required less cyanide to stupefy them than scales in the 
second molt. With prefumigation, the relative suceptibility of mature female 
scales and scales in the second molt was determined by the prefumigation con- 
centration. A high prefumigation concentration was required to stupefy both 
stages as the temperature incre ased from 50° to 77° F. Some concentrations that 
produced protective stupefaction gave a slight mortality. 

In general, the mature female scales remained stupefied longer than scales in 
the second molt. The period over which protection continued was influenced by the 
prefumigation concentration and the temperature. With meture female scales 
period decreased as the temperature increased from 50° to 77° F. and at 77W° the 
kill of those stupefied two hours earlier was higher than that of those not stupe- 
fied. At 59° F. with a relatively high prefumigation concentration more pro- 
tection of mature scales resulted after an interval of two hours than immediately 
after the prefumigation exposure 


46. The pH Values of the Alimentary Canal of Various Insects. B. C. 
Dickinson and E. D. Wirman, Columbus, Ohio. 

\ table of the pH of various sections of the gut of the Colorado potato beetle, 
Mexican bean beetle, mourning-cloak butterfly, cottonwood leaf beetle, yellow- 
necked caterpillar, variegated cutworm, salt-marsh caterpillar, southern army- 
worm, catalpa sphinx, tomato hornworm, and the fall webworm. The effect of 
arsenical poisoning on the gut pH is also reported. The solubility of basic copper 
arsenate and lead arsenate in buffer solutions is also reported 
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+7. Experiments on the Control of Limonius agonus (Say) on Shade 
Grown Tobacco in Connecticut, 1937-42. (lantern) Austin W. Morrixt, 
Jr., Windsor. C'onn. 

Experiments on the control of wireworms attacking tobacco in Connecticut were 
initiated in 1937 and continued to the spring of 1942. For the first 2 years, results 
were inconclusive. Thereafter, plots were replicated 12 times and arranged in 
randomized blocks. Dichloroethyl ether and naphthalene were tested, and in the 
fall of 1941, a new series was started, testing deep plowing and the application of 
carbon disulfide immediately following harvest. Populations of wireworms wer¢ 
determined by sifting soil samples through quarter-inch mesh hardware cloth 
screens. Soil samples 1 foot deep and 1 square foot in surface areas were taken 
until the fall of 1941 when samples were reduced to one-half square foot and the 
number taken was greaily increased 

Although the reductions of population in the plots treated with naphthalene 
and dichloroethyl ether were statistically significant, they were insufficient to be 
of much practical value to the grower. The effectiveness of the naphthalene seems 
to depend upon soil temperatures unlikely to occur at setting time in the Connecti 
cut region. The reductions of wireworm populations, however, both immediately 
following treatment with carbon disulfide and at setting time the following spring, 
were highly significant. The use of this material in the fall after harvest in fields 
threatened with wireworm attack is apparently very effective in destroying 
a major portion of the wireworm population. 


48. Reduction of Flea Beetle Injury to Tomato Transplants by Treat- 
ment Prior to Setting. THomas C. Watkins and Stanitey Locan, 
Ithaca, N.Y. { 
Two experiments were conducted near Ithaca, New York, during the summer of 
1942 to determine whether flea beetle injury to field-set tomato plants can be 
reduced by treatment of the plants while still in flats, thus affording protection 
with the use of minimum amounts of insecticides. In both experiments highly 
significant reductions in numbers of flea beetle punctures were obtained with the 
materials tested although their order of efficiency varied somewhat in the two 
cases. The only materials which caused noticeable injury were those containing 
high percentages of fluorine compounds. The data obtained in the experiments 
indicate the possibility of using any of several materials to protect young plants 
until they are well started in the field, and indicate the desirability of trying them 
separately in larger areas where they would be free from inter-treat ment influence 


$9. Cucumber Dust Mixtures. E. H. Froyp and C. O. Eppy, Unirer- 
sity, La. 


50. The Effect on Peach Trees of Ethylene Dichloride Emulsion as 
Used for Peach Tree Borer Control. OLtiver I. SNapp, Fort Valley, Ga. 


The degree of tree injury from the strengths of ethylene dichloride emulsion 
considerably higher than used from peach tree borer control was greater in the 
heavier soils. The recommended strength and quantity of ethylene dichlorid 
emulsion applied on heavy soil in the approved manner, which is on the soil 
around the base of the tree in such a way that none of the material touched the 
trunk, caused no tree injury whether used at the usual time or late in the fall, it 
respective of whether the soil was dry, even below the wilting coefficient, or very 


wet, near its water-holding capacity. The experiments revealed that applying the | 
emulsion on the trunk is a dangerous practice, one which may result in more tree 
injury from the recommended quantity and strength than from twice the recom | 


mended quantity of the recommended strength applied on the soil or from the 
recommended quantity of 66.7 per cent stronger than the recommended strength 
applied on the soil. The narrowest margin of safety in the use of ethylene dichlorid 
emulsion appears to be when applications are made to water-logged heavy soil in | 


the fall 


51. Technique for Obtaining Accurate Exposure Times for Still and 
Movie Photomicrograph. (lantern) H. A. Waters. Columbus, Ohio. | 
One of the difficult phases of making suitable motion and still photomicrographs 
is determining the correct exposure time. This is particularly true with color film 
which has little latitude in the matter of exposure. A technique and equipment 
for making accurate exposure determinations have b een developed which greatly 
simplifies the making of still and motion pictures of insects and similar subjects at 
high magnification. 
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52. Lead Arsenate and Tricalcium Arsenate-Bentonite Combinations 
and Lead Arsenate-Zine Sulfate-Summer Oil Emulsion Combinations as 
Sprays for the Control of Codling Moth. Ratpn L. Parker and Pau 


G. Lamerson, Manhattan, Kan. 


The determination of the effectiveness in the control of the codling moth, the 
relative freeness from spray injury of Jonathan foliage at the end of the spray 
season and the effect of summer oil emulsion upon arsenic residue removal when 
used through the fifth cover spray, was carried out with lead arsenate and 
tricalcium arsenate-bentonite (7ritor) combinations and lead arsenate-zine 
sulfate-summer oil emulsion combinations. The usual 2-tree randomized plots were 
given a calyx and 9 cover sprays of the insecticides being tested. At preharvest 
apple drop time and at harvest time 250 apples were graded into worm, stung 
and clean groups. 

The calcium arsenate-bentonite combination (Tritor) gave the poorest control 
and lowest arsenic residue and lead arsenate zine sulfate-summer oil combination 
where the oil was used through the third cover spray gave the best control, and low 
arsenic residue after acid washing. The zinc sulfate prevented arsenical burning 
of the Jonathan foliage and to some extent inhibited early coloring of fruit. 

Tritor, in the area tested, is not a satisfactory control for the codling moth and 
injures the leaves, but does have an arsenic residue after acid washing the fruit 
at harvest time, where the oil was used through the third cover spray. Lead 
arsenate-zine sulfate-summer oil emulsion where the oil was used through the 
third cover spray gave effective control of the codling moth, did not cause arseni- 
cal burn to the foliage and had a low arsenic residue after acid washing of the 
fruit at harvest time 


53. Red Spider Mite Control on Alfalfa in a Greenhouse by Certain 


New Organic Insecticides. Ratpu L. Parker, Manhattan, Kan. 


Two of the chemicals used for the control of Tetranychus telarius L. are known 
as Emulsifier B-1956 Spreader and BS-380. The former is a synthetic emulsifying 
agent based on modified alkyl resins and the latter a vegetable and petroleum oil 
solution of rotenone and other derris extractives, and an aliphatic thiocyanate in 
combination with (B-1956) and synthetic emulsifying agent based on modified 
alkyl resins. Another chemical used was a dinitro-o-cyclo-hexylphenol salt, 
DN-111. Each experiment was replicated several times, both sides of leaves were 
sprayed and eggs and mites were counted for each experimental leaf. 

One application of a 2 per cent water solution of B-1956 gave complete control 
of red spider mite eggs and mites in 12 days. One application of RS-380, 1 to 400 
in water, gave effective control of red spider mite eggs and mites in a 4 day period. 
Combinations of B-1956, 1 to 400, and RS-380, 1 to 200; and B-1956, 1 to 200 
and RS-3S80, 1 to 200 in water, gave effective control of this pest in a 4-day period. 
Combinations of B-1956, 1 to 200, and RS-380, 1 to 44; and B-1956, 1 to 400, and 
RS-3S80, 1 to 400, in water caused a reduction of live red spider mite eggs and mites 
but not to a sufficient extent to be effective in one application. The use of DN-111 
in one application at the rate of 0.5 and 1 pound to 100 gallons of water gave ef- 
fective control of red spider eggs and mites in a 4-day period. 


54. Daily and Seasonal Behavior of Flies Around Unsprayed Cows as 


Shown by Hourly Fly Counts. RoGer C. Smirn, Manhattan, Kan. 


Daily and seasonal fly counts lend no support to any kind of “normal or usual” 
curve of fly populations. The daily curve for every cow is an individual one. 
Averages tend to smooth these curves and have little significance especially when 
large numbers are averaged. Causes of variations include differences in fly 
susceptibilities between different cows both as individuals and breeds, in the 
numbers of flies in the locality, in the feeding and resting habits of the barn and 
stable flies. Variations in temperature and probably also in the age and physio- 
logical conditions of the flies are factors. The increase in the numbers following 
rains was demonstrated as well as their decrease during prolonged hot dry periods. 
Temperatures in the 80's resulted in greatest fly activity. Fly counts have con- 
tributed no definite information about the effects of variations in humidity, baro- 
metric pressure and wind velocity 


55. “Sagaritis provancheri (D.T.), An Important Parasite of The 


Tobacco Budworm.”’ Georce Weng, Chatham, Virginia. 

The tobacco budworm, Heliothis virescens (F.), is parasitized by Sagaritis 
provancheri (D.T.) in Virginia. The parasitism varied from 27.6 to 94.1% in 
the field. This parasite kills the budworm in the second or third instar of growth, 
thereby preventing considerable damage to the tobacco plant 
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PROGRAM 
SECTION OF APICULTURE 
O. W. Parks, Chairman W. A. Price, Secretary 


Address of the Chairman. O. W. Parks, Ames, Towa. 

1. Beekeeping in Two Wars. E. F. Putuuips, Ithaca, N.Y. 

2. Preliminary Results on the Use of the Sulfa Derivatives in the 
Control of American Foulbrood. L. Haseman, Columbia, Mo. 

3. The Thermal Resistance of Bacillus larvae. C. E. BURNsipr, Belts 
ville, Maryland 

4. Larval Food and Its Influence on the Development of the Worker 
and the Queen Honeybee. M. H. Haypak and E. A. Vivino, Sf. Paul, 
Minn. 

5. Vitamin K Content of Royal Jelly and Bee Bread. M. Haypak and 
L. Parmer. St. Paul, Minn. 

6. Vitamin Content of Clarified and Unclarified Honeys. M. Haypak, 
L. Parmer, E. Vivino, and M. Tanguary, St. Paul, Minn. 

7. Two Years’ Study of the Role of Honeybees in Pollination of Al 
falfa under New Jersey Conditions. Ropert S. Fitmer, New Brunswick, 
| 

8. The Cotton Plant in Relation to Bee Activity and Honey Produc 
tion. GrorGce H. Vansey, Beltsville, Md. 

9. Beekeeping Practices and War Effort. J. E. Eckert, Daris. Calif 

10. Effects of Certain Biological Factors on the Longevity of Caged 
Bees. Ltoyp M. Bertuorr, Westminster, Md. 


SECTION OF EXTENSION 
J. O. Pepper, Chairman C, GrRauamM, Secretary 


1. Preliminary Statement. E. F. Puturps, Jthaca, N. Y. Chairman, 
( ommiattee on Coordination of Entomology with the War Effort. 

2. Reports of Leaders appointed to implement the protection of food 
in the war productions goals. (These reports will be presented by an 
individual designated by the Leader if the Leader himself is unable to 
be present.) 

3. Report of the Representative of the American Phytopathological 
Society on their War Emergency Committee. 

$. Discussion, M. P. Jones, Leader, Washington, D.C. 

Organization 
Procedures, including methods, materials, application, and education. 
(Accomplishments. 


SECTION OF TEACHING 
S. W. Brusinc, Chairman P. A. Reapio, Secretary 


Be Types of Entomological Training Expected by those in Charge of 
War Work. F. C. Bisuopp, Bureau of Entomology and Plant Quarantine, 
Washington, D.C. 

2. The Training of Medical Entomologists. Ronert Maturson, Cor 
nell University, Ithaca, N. Y. 

3. Steamlining Entomology for the War Effort. S. W. Frost, State Col 
lege, Pa. 

4. Round table discussion of problems of teaching entomology under 
war conditions. 
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SECTION OF PLANT QUARANTINE AND PEST CONTROL 
R. B. Frienp, Chairman R. G. Ricumonp, Secretary 


Address of Chairman. R. B. Frienp, New Haven, Conn. 


JOINT MEETING WITH AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 


Symposium 
Pest Control. A New Science and Its Supporting Sciences 


1. Administrative Pest Control. W. L. Popuam, Assistant Chief, In 
Charge of Control Work, Bureau of Entomology and Plant Quarantine, 
Washington, D.C. 

2. The Role of the Research Entomologist in Pest Control. C. M. 
Packarp, /n Charge, Division of Cereal and Forage Insect Investigations, 
Bureau of Entomology and Plant Quarantine, Washington, D. C. 

3. Phytopathological Research as it Relates to Plant Pest Control. 
L. M. HWorenins, President, American Phytopathological Society. 


Special Pape rs: 

The Relation of Wind Dispersal of Fungus Spores to Plant Quaran- 
tines. W. A. MeCussrn, Dirision of Foreign Plant Quarantines, Bureau 
of Entomology and Plant Quarantine, Washington, D. C. (20 minutes). 

Facilities for Inspecting Foreign Plant Propagating Material at the 
Hoboken Plant Quarantine Inspection House, Hoboken, New Jersey. 

lantern slides) Grorcre G. Becker, Division of Foreign Plant Quaran- 
tines, Bureau of Entomology and Plant Quarantine, Hoboken, N. J. (20 


minutes), 


JOINT CONFERENCE ON REDUCED DOSAGES OF 
INSECTICIDES AND FUNGICIDES 


9:30 a.m. East Room 


1. Presentation of the Problem. C. I. Buiss, Chairman, New Haven, 


('onn. 
2. Summation of Entomological Reports. WiLtL1am Moore, Stamford, 


( onn., 
$3. Summation of Phytopathological Reports. J. G. Horsraty, New 


Haren, Conn 


Business Meetings and Special Features of the Program omitted) 
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Gracilaria nequndella in Utah, 110 
(rain, 

dry, insect survival in, 923 
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Heliothis 
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armyworm habit of, 946 
parasites of, 943 
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Helix aspe rea, 359 
Hellebore, alkaloids of toxic to American cockroach, 
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Hemipterous cotton insects, control by dusts, 630 
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lethal dose of calcium arsenate for, 798 
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Hone ‘ 
pollen grains in, 728 
Hot water formalin, tolerance of narcissus bulbs to, 
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Houseflies, 
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Housefly 
effect of 
organic halides on, 533 
pyrethrum on central nervous system, #28 
larvae, toxicity of paradichlorobe nzene to, 4 
Household pest, an amphipod as, 595 
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Hydroevanie acid 
against California red scale, 521 
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Hymenoptera 
deposition of non-viable eggs by, 283 
parasitic, larval meconium of, 456 
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damage 
appraisal, | 
to tobacco in Connecticut, 60 
eggs, method for locating in plant tissue, 286 
food 
caches as reservoirs of pests, 4 
of brown-shouldered lizard, 942 
of sage grouse, 107 
fumigant, nicotine, 242 
metabolism, effect of temperature on, 785 
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for cotton aphid and boll weevil control, 623 
Insecticides 
derived from plants, 285 
effect on potato and tomato psyllid, 8 
for bollworm control, 626 
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cold-hardiness of, relation of unfreezable water to 
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London purple, 287 
Longevity of caged bees, 887 
Lucilia sericata, 896 
larvae on bed, 73 
Lyqus 
elisus, 508 
hes peru s, 508 
injury to alfalfa, 604 
Lygus-bugs, control in seed alfalfa, 884 


Macrosiphum pisi, 420 
Magnesium deficiency, effect on purple scale, 350 
Mealybug wilt, distribution of, 10 
Mediterranean fruit fly, infestation of papayas by, 
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Melanotus longulus, 600 
Melissopus latiferreanus, 836 
diapause in, 406 
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Methyl bromide 
against 
California red seale, 521 
oriental fruit moth, 674 
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dichloro-ethyl ether emulsion as soil fumigant, 
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fumigation 
against narcissus bulb-fly, 
of refrigerator trucks, 947 
susceptibility of red scale to, 
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hehe tor, biology of, 5938 
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Micro leaf worm on peanuts, 104 
Milky disease 
distribution of, 679 
Type \ of adult Japanese beetle, 165 
Villettia pachycar pa, insecticidal action of, 80 
Mineral oils, ovicidal value for codling moth, 530 
Mite on timothy, 201 
Mites, on pecan, 948 
Mosquitoes 
light trap study of, 945 
toxicity of aerosols to, 48 
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rice field, 478 
studies in military camps, 558 
Mound-building prairie ant, damage to highways, 
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free in arsenical and cryolite dust mixtures, 620 
sprays for codling moth, 387 

Nictonic acid, 319 

Nitidulidae in corn, 105 

Nomenclature, status of, 758 
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mineral, against corn earworm, 227 
sulfonated, effect on toxicity of cube and derris, 
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Oil deposit, 330 
determination on citrus leaves, 333 
Oils, dormant type, efficiency of, 211 
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Organic compounds and A phis rumicis, 544 
Oriental fruit moth, controlled by methyl bromide, 
674 
Orius insidiosus, a pre dator on cotton insects, 454 
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leucoloma, 919 
peregrinu ¢, 919 

Pantothenic acid, 319 

Papayas, green, infeste d by Mediterranean fruitfly, 

SO 

Paradichlorobenzene, toxicity to housefly larvae, 662 
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black scale, 690 
California red scale, 809 
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Heliothis armigera, 948 
rearing methods of pink bollworm, 597 
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Pea aphid, 281 

control by concentrated sprays, 649 

controlled by time of seeding, 420 
Peach borer, western, control of, 393 
Peachtree borer treatments, injury from, 102 
Peanuts, 

hosts of micro leaf worm, 104 

micro leaf worm on, 104 
ear thrips, control by calcium cyanamid, 376 
Peas, unusual injury by thrips, 453 
Pecan, mites on, 948 
Pectinophora gossy prella, parasites of, 597 
Pepper weevil, control in California, 369 
Periplaneta americana, 45 
Pest control, by regulations, 775 
Phenothiazine, resistance to by screwworm, 62 
Phormia regina, 65, 896 
Phymata, economic status of, 445 
Phyllophaga 

crassissima, life history of, 576 

farcta, life history of, 576 
Phyllotreta vittata discedens, control by cube and nico 

tine, 939 

Physcus testaceous introduced into California, 290 


Phytomonas sepedonica, ring-rot of potatoes, 455 
Pickleworm control, 870 
Pillbug and sowbug control, 654 
Pineapple 
insect pests of, 10 
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pests, 14 
Pine trees, attacks by Ips bark beetles, 181 
Pink bollworm parasites, 597 
Plant bugs, effect of oil, cube and derris on, 867 
Plant quarantine and inspection, status of section of, 
762 
Platynota stultana, pest of carnations, 399 
Platyptila 
antirrhina, 718 
carduidactyla, 718 
fuscicornis, 718 
prea, 718 
williamsii, 718 
Plum curcuiio 
control by 
dichloroethy] ether, 514 
jarring, 514 
on peach, 106 
Plume moths of economic importance in ¢ 
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Pogonomyrmex occidentalis, 725 


ilifornia, 


Poisoning, bee, 324 
Pollen 
grains in nectar and honey, 728 
required by honeybees, 309 
substitutes, 317 
Pollens 
analyses of, 314 
composition of, Sls 
plant sources of, 313 
Polyembryonic proclivity of Hymenoptera, 108 
Popillia japonica, 679 
Potatoes, 
control of flea beetles on, 780 
le afhopper on, 416 
Potato 
flea beetle, life history, S70 
leafhopper, 362 
sprouts, propagation of blac k s¢ ale on, 687 
Prairie ant, mound-building, damage to highwavs. 
72 
Predators 
ants as, SoU 
effect of arsenicals on, 596 
laboratory propagation of, 841 
Pri kly pear cactus thrips, 160) 
Primary screw worm, resistance to phe nothiazine, 62 
Prionus laticollis in subterranean wooden duct, 608 
Protoparce sexta, 792 
Psallus seriatus, 626 
Pseudococcus 
brevipes, 10 
comstocki, 103 
cuspidata, 173 
Psorophora confinnis, breeding habits of, 478 
Pterocyclon dentiger, 601 
Purple scale, effect of magnesium deficiency on, 350 
Pyrausta nubilalis, 940 , 
Pyrethrins 
effects on certain mammals, 261 
in fly sprays, activators for, 792 
Pyrethrum 
effect on German cockroach, 929, 933 
histological effects on central nervous system of 
housefly, 428 
sesame oil aerosol against cheese skippe r, 289 
toxicity of to clover le afhoppers, 234 
Py rrolidines against The rmobia domestica, o% 





Pyrrolines against Thermobia domestica, 5 


Quarantine, plant, officers in California, 777 














INDEX 


Quarantines 
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Rearing box, insect, with electrical barriers, 608 


Recurvaria milleri, 16 


Red 


mite, citrus, and sprays with granular residues 


345 
scale, races of, and tolerance to H¢ N, 813 


Refrigeration, effect on codling moth transforma- 


tions, 787 
Regulations, in pest control, 775 
Residues, inert granular, 348 
Rice 
field mosquito, 478 
injured by corn sap beetle, 606 
stinkbug as pest of sorghums, 945 
Rhopalothrips bicolor, 460 
Ring-rot of potatoes transmitted by insects, 45: 
Rotenone 
and calcium arsenate for cotton aphid, 500 
bearing variety of Tephrosia virginiana, 276 
cells of in Derris elliptica roots, 941 
content of Tephrosia virginiana, 54 
for codling moth, 228 
insecticides, effectiveness, 873 
isolation from spray solution, 458 
Royal jelly, as sources of vitamins, 319 


parasite of, 690 
propagation on potato sprouts, 687 


San Jose scale, effect of sprays on parasites of, 698 


Sanninowea opale scens, 39S 
N¢ irtothri} s cri, $47, 373, $50, 790 


Scolncia decliris, 452 


Scolytus n ult striatus, contamination of by Dutch 


elm disease, 178 
Screw worm 
benzene derivatives as larvicides against, 70 
infestations, predisposition to, S99 


108 


Semicarbazones, toxicity to codling moth larvae, 7 
Serpentine leaf miner controlled by methyl bromide, 
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Sesamin, effect of on pyrethrum against houseflies, 


247 

Shade trees, coleopte rous borers in, 169 
Sheep, fleece-worm infestations, control of, 896 
Snail, brown, control in citrus orchards, 359 
Snapdragon and verbena injured by a tingid, 60 
Soil 

fumigant, 238 

insecticides, effect on growth and vield, 702 
Solubea pugnar, 945 
Sorghums, injured by rice stinkbug, 945 
Southwestern corn borer, outbreak in Kansas, 9 
Sowbug and pillbug control, 654 
Soybean flour, as pollen substitutes, 317 
Spray-fumigation against red scale, 827 
Spray mixture, inverted, explanation of, 948 
sprays 

concentrated, in pea aphid control, 649 

dormant, effect on parasites, 695 

orchard, and white apple leafhopper, 220 

with inert residues, effect on citrus red mite, 
Spreaders, in codling moth sprays, 911 
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Stablefly, 
breeding in waste celery, 709 
control of, 582, 589 
Statistical method for contagious distributions, 536 
Stegasta bosqueella, on peanuts, 104 
Stegobium paniceum, 452 
Stinkbug, rice, on sorgiiwms, 945 
Stomoxys calcitrans, 709 
breeding in bay grasses, 582 
Stored product insects, control of, 615 
Stored products pests in insect food caches, 434 
Strawberry weevil, insecticides against, 599 
Striped blister beetle, control of, 449 
Sugar-beet wireworm, 
control of, 860 
flight of, 423 
Sugarcane 
borer and resistant varieties, 638 
varieties resistant to borer, 638 
Sulfanilamide and related compounds, toxicity of to 
codling moth, 784 
Sulfonated oil, effect on toxicity of cube and derris, 
867 
Sulfur 
compounds, effect on bee behavior, 607 
dust 
and black scale, 355 
effect on citrus red mite, 355 
Systematic entomology, needs of, 
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Taeniothrips 
inconsequens, 376 
simplex, 51 
lalitrus sylvaticus as a household pest, 595 
Tartar emetic 
influence of on yellow scale, 346 
resistance of citrus thrips to, 790 
Taxonomic problems in 
nursery inspection, 753 
quarantine inspection, 753 
Taxonomy 
and biological control, 744 
significance in economic entomology, 739 
significance of economic entomology in, 749 
Taxus mealybug, 173 
Teleonemia nigrina, a pest of snapdragon and ver- 
bena, 605 
Temperature, 
effect on insect metabolism, 785 
high, effect on grain pests, 944 
Temnochila virescens, 841 
Tenebroides corticalis, predaceous on codling moth 
larvae, 110 
Tephrosia virginiana, 
rotenone bearing variety of, 276 
rotenone content of, 54 
Terrapin scale, effect of sprays on parasites of, 698 
Theobaldia 
domestica, insecticides for, 525 
inornata, biology of, 903 
Thiocyanate-derris dusts for truck crop insects, 281 
Thrips 
blueberry, 198 
citrus 
rearing of, 373 
resistance to tartar emetic, 790 
grape or vine, 3582 
tobacco, control of, 646 
unusual injury to peas, 453 
Ticks, lethal temperatures for, 562 
Tineola biselliella, 249 
Tingid pest of snapdragon and verbena, 605 
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Tobacco Verbena and snapdragon injured by tingid, 605 

budworm, mixing bait for, 789 Vetch bruchid in Georgia, 794 

flea beetles Vitamins in royal jelly and bee bread, 319 

control, 634 
tests with insecticides, 183 

Pence 792 wasainiaas Western peach borer, control of, 398 

insect damage to in Connecticut, 60 White : 

insects, stored, natural enemies of, 185 “fringed beetle, control by fumigation, 919 

thrips ‘eninl 646 ; grub, control with dichloroethyl ether, 441 

W arehouses fumigation of, 190 grubs in hemlocks, control of, 176 
T aa °. # as ‘ Wireworm 

oxicity of acid amides to codling moth, 781 ar-beet. flight of, 423 
Trap, light, study of mosquitoes, 945 SEGRE“ WCSS, NIGMS Os, Be 
, S - Wireworms 
Tribolium confusum, 664 , ’ 
iii iadesteniiathy end ood cole 600 effect of sterile and unsterile food upon, 600 
Trichoptera, 77 : in melon plants protected by dichloroethy! ether, 
oy . —_ . - 2 . 
Trioza maura, predators of, 15 : “d eT 659 
Trissolcus murgantiae, in California, 787 ee ee ek 
Typhlocyba pomaria, 220 variations in length of life cycle, 109 

F yet — Woolly apple aphid 

. ; ‘vanide against, 908 
Unfreezable water, relation to cold-hardiness of in- apes age ¥* 

on apple cores, 281 


sects, 265 


Variance, analysis of in contagious distributions, 536 — Yellow scale 
Vegetable refuse, insect pests breeding in, 457 fumigation of with HCN, 825 


Veratrum viride, 35 influence of tartar emetic on, 346 


ERRATA VOLUME 35 

Page 430 (June) lines 2 and 3, in legend of figure 2, 
8), delete words in parentheses 

Page 433 (June) line 2, in footnote, “Cimar” 
should read “Cimer”’; line 1, in Lrrerature Crrep, 
**Bodien™ should read **Bodian.” 

Page 559 (August) Table 1, first item in table 
should be Anopheles quadrimaculatus in place of A 
quinquemaculatus as printed. 


Page 784 (October) column 1, title, “Sulfanili- 
mide” should be *Sulfanilamide.’ 
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SCALECIDE. The safest 
dormant oil spray in use 
eltoday. The only miscible 
Mioil composed of both 

vegetable and mineral 

oils. Used at | to 15 for 
deciduous trees. 


SULFOCIDE. A highly 
concentrated liquid sul- 
fur fungicide, which pre- 
cipitates true colloidal 
sulfur when drying. Not 
compatible with arseni- 
cal residue. 


PARA-SCALECIDE. A prepared com- 
bination of Scalecide and paradi- 
chlorbenzene for use in liquid treat- 
ment against peach borers. Also used 
for injection. 


STRAITAR. A stabilized 85°/, emul- 
sion of tar creosote oil for dormant 
spraying. Also used with Scalecide 
or Spra-Cream for delayed dormant 
spraying. Not unpleasant to use. 


B. G. PRATT COMPANY 


D-X. A contact spray of 
rotenone and pyrethrum 
with the impressive prop- 
erty of increasing the 
toxicity of arsenate of 
lead against difficult in- 
sects. Also formulated as 
nicotine and pyrethrum, 
and as pyrethrum alone. 


SPRAY CATALIZER. A 
spreader, sticker and safener 
of sulfur base reducing lead 
sulphide formation withlime |!22= 
sulfur or Sulfocide and ar- | 
senate of lead. Does not 
deteriorate. 


SUMMER SPRA-CREAM. A stabi- 
lized 83°/, summer oil emulsion of low 
cost, for fruit trees, shade trees, ever- 
greens, etc. 

SPRA-CREAM. A refined, stabilized 
83°, lubricating oil emulsion for dor- 
mant spraying. 

LINSO SOAP. A liquid soap of lin- 
seed oil base, without disagreeable 
odor, for use as a spreader. 





Manufacturing Chemists 
50 Church St., New York, N. Y. 
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from CARBIDE AND CARBON CHEMICALS CORPORATION 


Synthetic Organic Chemicals For 
Insecticidal Applications 


Among the more than 160 synthetic organic chemicals produced by 
Carbide and Carbon Chemicals Corporation are these which hold special 


interest for the economic entomologist and pest control operator: 


5 a . " . mable under the prescribed condition of 

Dichlorethyl Ether - = 
- use. It is an efficient fumigant for tobacco, 
in water solution shows promise as a seil food, rugs, furniture, woolens, and mohair. 
fumigant, and as an insecticide for wire 
wortis sod web wortiis, and Japanese \ E ° 4 
J , Ethylene Dichloride 

beetle grubs. In mineral oil solutions it is J 
effective against corn ear worms. It is a emulsions are good soil insecticides, and 
good coupling agent for derris root sprays. are successfully used to control the peach 
tree borer and similar insects. 


*Tergitol” Penetrant 7 


is an efficient wetting agent and sticker, 


“Chlorasol” Fumigant 


is a volatile mixture of Ethylene Dichlor- 
ide and Carbon Tetrachloride which is 
non-flammable under the preseribed con- 
ditions of use. Its vapor kills various life 
stages of moths, weevils, and other insects. 


and has insecticidal properties of its own. 
In pyrethrum sprays, it enhances the kill- 
ing power to give 85-100 per cent kills of 
the adult Japane se Beetle. 





Methyl Isobutyl Ketone 


appears to improve the kill of various Other synthetic organic chemicals 


contact insecticides, It amplifies the toxic- . . - al . 
with insecticidal applications in- 


ity of mineral oil sprays of derris resinate, clude: Morpholine and the Ethanol- 


aqueous emulsions of pyre thrum extracts, : 
amines, whose soaps effectively 


and insecticidal dusts such as sulphur, emulsify insecticide sprays; Methyl 
pyrethrum, and derris. imyl Ketone which enhances the 
; ' a ; potency of derris root extracts: and 

a ‘arboxide fumigant many solvents which are effective 


‘ : coupling agents. 
is a gaseous mixture of Carbon Dioxide I e 








and Ethylene Oxide which is non-flam- 





For information concerning the use of these chemicals, address: 


CARBIDE AND CARBON CHEMICALS CORPORATION 


Unit of Union Carbide and Carbon Corporation, 30 East 42nd Street, New York, N. Y. 


uss 






PRODUCERS OF SYNTHETIC { ORGANIC CHEMICALS 


The words “Carboxide,"* “Chlorasol,"’ and “Tergitol’’ are trade-marks of Carbide aud Carbon Chemicals Corporation. 
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LETHANE 60 


Large scale commercial applications of 
LETHANE-rotenone dusts in many states 


against a variety of insects this season 
~ — = A ——_ 


have continued to show the effectiveness 
of this combination. LETHANE 60 in the 
dust formula permits a reduction of about 
one half in the rotenone content of a dust. 
As a result, LETHANE 60 has replaced 
upwards of a million pounds of rotenone 
bearing roots in 1942. By expanding the 
production facilities for this synthetic in- 
secticide, there will be available in 1943 
enough LETHANE 60 to replace about 
three million pounds of rotenone bearing 
roots. Thus LETHANE 60 will in large 
measure alleviate the shortage of rotenone 


caused by the war. 


ROHM & HAAS COMPANY {J 


Washington Square, Philadelphia, Pa. 








nn 








THE 
NATURAL 


“KsyY 


Kryocide is a fluorine insecticide manufactured from 
natural Greenland eryolite. Nature has combined sodium, alumi- 
num and fluorine in the Greenland deposit in the form of a true 
eryolite, sodium fluoaluminate. Kryocide is guaranteed to con- 


tain at least 49% fluorine and 90% cryolite. 











Kryocide is pulverized extremely fine, 96% by weight 
being composed of particles five microns or less in diameter, 
the equivalent of 2500 mesh. Due to its extremely low solubility, 
Kryocide may be used without irritation to workers . . . provid- 


ing a safe, sure fluorine insecticide. 


s . 
Kryocide may be applied either by dusting or spray- 


ing. It has proved an effective control for many insects, including 


Codling moth Orange tortrix 
Curculio Walnut husk fly 
Tomato fruitworm Bean beetle 
Tomato pinworm Blister beetle 
Flea beetle Cucumber beetle 
Cabbage worm Pea weevil 
Melon and pickle worms Vegetable weevil 
Pepper weevil Corn earworm 
Apple flea weevil Elm leaf beetle 


Write now for descriptive literature on Kryocide. Pennsylvania 
Salt Manufacturing Co., Widener Bldg., Philadelphia, Pa.—New 
York « Chicago « St. Louis « Pittsburgh «+ Wyandotte « Tacoma. 


PENNSYLVANIA SALT 


MAN F TURING C PANY 
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FRIANITE 


| the Superior 
Insecticide Diluent 


Serta of 98%, 
: We Max is the 


product which you read range ieee 

about when a dust car- : to6.5 
rier is chosen to moke ; & 

on insecticide better Sture ; 

Reference lists on re- re is less than ] 
quest Ve 





TRIAL MINERALS CO. 
CALIFORNIA 








Mr. Teechnicist: 
If you are interested in the conserva- 
tion of Rotenone..... take note! 


The shortage of rotenone is no secret. To make existing supplies go as far as possible is 
not only good sense, it is imperative—test vital crops and livestock be left to the mercy 
of sabotaging insects. Substitutes for rotenone would be fine if they really worked, But 


too often such substitutes are “pipe dreams” or scarcer than rotenone itself. 


For cattle grub control 60 ounces of 5° ground root (.1875 lbs. pure rotenone), plus 
soap, in 5 gallons of water is being recommended. Yet, BERAKO* (concentrated rotenone 
solution with penetrating and wetting agents), containing 24% pure rotenone, gives at 
least as good results when used at the rate of 1 quart (.05 lbs. pure rotenone) in 5 gallons 
of water. Thus, the ground root, besides requiring more time and labor to mix, uses 3.75 


times as much rotenone as BERAKO. 





400,000 LBS. OF ROTENONE- 
BEARING ROOT CONTAINING 
S%% ROTENONE IS THE U.S.D.A. 
ESTIMATED REQUIREMENT 
FOR 1942-43 GRUB CONTROL. 











iF USED AS GROUND ROOT, 1f USED AS BERAKO,1 QT. 
12025. PER GAL. OF WATER, PER 5 GALS. OF WATER, 
WILL MAKE 533,333 GALS WILL MAKE 2,000,000 GALS. 
OF WASH. OF WASH. 

















17,600,000 MORE CATTLE 
CAN BE TREATED WITH 
TREATS APPROX. 6,400,000 BERAKO ROTENONE Lipuip 


fie 














TREATS APPROX, 24,000 600} 



































MR. TECHNICIST, 
WILL You BE 

RESPONSIBLE FOR 
My CONDITION? 










Rotenone is urgently needed to protect livestock production, but ground root is most 
vitally needed for vegetable production. On the other hand, supplies of rotenone suitable 


for making BERAKO are available for cattle grub control. 


CHIPMAN CHEMICAL COMPANY, INC. 


Bound Brook New Jersey 


* We will be glad to send you a circular on Berako. 








JOURNAL OF ECONOMIC ENTOMOLOGY 


Prices for back volumes and single numbers of the JourNAL 
or Economic Entomo ocy are as follows until further notice: 





Volume 2, 1909 

Volume 3, 1910 

Volume 4, 1911 

i A ee eer 
Volume 6, 1913 

Volume 7, 1914 

Volume 8, 1915 

Volume 9, 1916 

Volume 10, 1917 

Volume 11, 1918 ... 

Volume 13, 1920 

Volume 14, 1921 

Volume 15, 1922 

Volume 16, 1923 

Volume 17, 1924 

Volume 18, 1925, except Nos. 1 and 2 


Volume 19, 

Volume 20, 

Volume 21, 

Volume 22, 1929 

Volume 23, 

Volume 24, 1931, except No. 1 
WN I BEE Scnbdacciccdvesstanemeces 3.50 
Volume 26, 1933, except Nos. 1 and 2 

Volume 27, 1934, Nos. 2, 3 and 6 only, each.. 
Volume 28, 1935, Nos. 5 and 6 only, each .... 
Volume 29, 1936, except Nos. 1 and 3 
Volume 30, 1937, except Nos. 1 and 3 
Volume 31, 1938, 3 and 4 only . 
Volume 32, 1939 

Volume 33, 1940 

Volume 34, except No. 4 .... 


» - Cat h ] OO 
. 4.00 


.- 4.00 
. 350 





On volumes mailed to foreign countries an extra charge of 50 cents 
is made to cover postage. 


Price of all single numbers except those listed above, 75 each. 


Ernest N. Cory, Business Manager, College Park, Md. 








CLASSIFIED 


Advertisements of commodities for sale or ex- 
change or of services will be entered at 50 cents 
per issue or $2 per year. Advertisements requesting 
information for use in publications will be charged 


at the rate of $1 per advertisement to run as long 
as space permits. All notices and cash should be 
sent in advance to Ernest N. Cory, College Park, 
Md., by the 15th of the month preceding publication. 





PHOTOGRAPHS OF ENTOMOLOGISTS. The 
undersigned desires photos of entomologists to 
add to the collection now deposited in the De- 
partment at Ohio State University. This collec- 
tion now numbers over 400 portraits, many of 
them having been included in the “Fragments 
of Entomological History.” It is hoped that a 
supplement to that volume may include many 
more and any contributions will be gratefully 
welcomed. Herbert Osborn, Ohio State Univer- 
sity, Columbus, Ohio. 





CONSULTING ENTOMOLOGIST. Research and 
development work in petroleum, vegetable, and 
pine oils, fatty acids, organic and inorganic com- 
pounds. Available oil and water soluble toxicants 
for fly sprays and for scale insects and mealy 
bugs. 

Market surveys, experimental data reviewed, 
assistance in patenting, court service, Twenty-five 
years’ experience with insecticides. E. R. de Ong, 
Ph.D., 216 Pine Street, San Francisco, California. 





FOR SALE: “The North American Bees of the 
"Genus Osmia” by Grace A. Sandhouse, issued 
as Memoir No. 1 of the Entomological Society 
of Washington; also single numbers or com- 





plete sets of the Proceedings, Ent. Soc. Wash., 
1884-1940. For details see Journal of Economic 
Entomology, Vol. 33, No. 6, p. iii, Dec., 1940. 
F. W. Poos, Corresponding Secretary. Address: 
Bureau of Entomology and Plant Quarantine, 


Washington, D.C, 





FOR SALE. Library of late W. R. McConnell on 
entomology, ornithology, ichthyology and general 
biology, including complete bound set of Illi- 
nois Entomology Reports 1-29 complete and 
North American Fauna 1-36 incl. (Vol. 23 is rare 
“Index Genera Mammalia”). List on applica- 
tion. Mrs. W. R. McConnell, 915 Hamlin St., 
N.E.. Washington, D.C. 





HIGHLY TRAINED young entomologist, Ph.D. 
1940, now engaged in research in state university, 
desires change. Laboratory and field experience 
in chemical control, insect vector-virus work, 
quarantine inspection, insect biology; also ex- 
perience in teaching general entomology. Spe- 
cialty biological control. Can furnish highest type 
of references and qualifications. Box A, Jour- 
NAL OF Economic Entomotocy, College Park, 


Md. 
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Official Organ of American Association of Economic 





MANUSCRIPT RULES and SUGGESTIONS 


MANUSCRIPTS for tion should be sent TABLES are expensive. They 
to the Editor, Dr. L. M. Peairs, W.Va. University, reduced authors to the simplest 
Morgantown, W.Va. No manuscript which hes withdrawn if text or illustrations give the 
been published elsewhere, either wholly or in formation, should be 
| essential part, will be accepted for publication in gardless of their length, ey 
the Journat or Economic Entomo.ocy. is reduced to the minimum. Papers 
ARTICLES will be published in order of receipt, more tables than seem necessary, or 
except for material given priority by commitiee ac- _ poorly will be returned to 
tion or the editor's discretion. Date of receipt will for 
be that date on which copy is accepted in final form ILLUSTRATIONS are accepted at 


for publication, accerding to the following direc- 
tions, whether or not it may have been returned 
to the author for correction, It is therefore to the 
author’s best interest to submit clean copy. Clarity, 


sible, in the order named. Clear, concise headings 
should be supplied for tables and legends for illus 
trations. Subheadings intended to be set by them- 
; selves in the middle of the page should be avoided. 
Sideheadings, not more than two per typewritten 


| comprehensiveness and conciseness are most desir- average length. More than this amount 
able; preferably the paper should be accompanied for by the author. el 
by the written approval of one or more persons drawings, not are re- 
familiar with the subject. The manuscript should _ production. W. and letters that are a perma- 
be clearly typewritten, double spaced, on one side nent part of graphs or other must be done 
of the paper only. It should be mailed flat; not neatly. They should be made large enough to allow 
folded or rolled. The sheets should not be stapled for reduction and should be spaced liberally. For 
or pinned. Pages should be numbered correctly. graphs, only blue cross-hatched or white ts 
Author's complete address, to which proof is to paper or cloth should be used. Orange an cet 
be sent, should appear at upper right-hand corner other color papers the side ee i 
of first page. Footnotes should be numbered con- gra On back EVERY dluctration, / ae 
secutively. Citations should give author, year, title, furnished, should be written the — E 
name of publication, volume, article number, page, name of the author and the paper to which the il- — 
and number and kind of illustrations wherever pos- may Rad 
and 
oe 


‘Tag 
hs ome 4 
‘ 









within 60 


BOOK REVIEWS, written in accordance with 
foregoing directions, should be sent to the 


: 


f 


page, meet most needs. They should be informa- CURRENT NOTES should be sent to the associate 
tive, not mere labels or tags. The first letter of each editor, Harry B. Weiss, 616 First Mechanics Na- 
word in a trade name should be capitalized and tional Trenton, New Jersey. HORTICUL- 
the word or words underlined. TURAL INSPECTION NOTES d be sent to. 
Prompt publication of acceptable matter may be _R. G, Richmond, Bureau of Entomology and Plant _ 
secured by payment of the cost of printing and en- Quarantine, Washington, D.C. Proof of this ma 
| graving. (Six dollars per page plus engraving.) terial is not sent to authors. hy 
REPRINTS ieee 
Authors will be given opportunity to order re- made by cutting apart large sheets and arranging — 
prints at the time they receive galley proof from pages in leaflet form, bound Mise stitching. — 
the printer. Only orders placed at this time (ex- This is the chea method which separates — 


cept in the case of Scientific Notes) will be con- 
| sidered official, and authors wil! be responsible for 
payment to the Business Manager, FE. N. Cory, 

College Park, Maryland. 
The following scale of reprint charges is based 
on supplying excerpts, that is, separate pamphlets 





title on the first right hand page, which would 
otherwise be blank. 
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Pages 1 2 34 58 O12 13:16 1720 21-24 25-28 20.99 
50 copies 160 200 270 425 670 725 940 1040 1295 1280 
100 copies 19S 240 320 510 780 860 1100 1295 1510 1620 yy 
Additional hundred! 75-75) «1.10 «1.60 2.70 3.20 870) 4.80. 5.85 = 6.20 | 


500 copies, deduct 5 per cent; 1000 copies, deduct 10 per cent. 
First 50 covers, $3.00; additional covers at 2 cents each. 
Folio reprints (32-page signature or /ess, uncut, folded) 50 only, $2.50. 
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